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ADDICTION

TREATMENT

Forum

NALTREXONE CLINICAL UPDATE

Evidence for the Efficacy of Naltrexone
in the Treatment of
Alcohol Dependence (Alcoholism)

Stewart B. Leavitt, PhD, Editor

ABSTRACT

Each year, more than 1.5 million Americans seek treatment for
alcohol-related problems. In 1994, naltrexone became only the
second drug approved to date for treating alcoholism by the U.S.
FDA. Naltrexone blocks opioid receptors in the brain, stemming
the endorphin-mediated reinforcing effects of drinking alcohol.

Recognizing that healthcare providers need credible scientific
information for decision-making purposes when considering phar-
macotherapies for alcoholism, such as naltrexone, this report
focuses on the highest level of clinical evidence — randomized con-
trolled trials (RCTs). Through year 2001 there were 14 RCTs
assessing the effectiveness of naltrexone compared with placebo
for treating alcoholism, enrolling 2127 subjects, in five countries.

An analysis of these trials, consistent with prior systematic
reviews and meta-analyses, concludes: A) RCTs of naltrexone in
the treatment of alcoholism are recent, extensive, and of good
quality, B) There is strong evidence that naltrexone significantly
reduces alcohol relapses to heavy drinking, the frequency and

quantity of alcohol consumption in those who do drink, and alco-
hol craving.

In brief, naltrexone is significantly beneficial in helping those
patients who cannot remain abstinent to reduce their drinking
behaviors, breaking the vicious, self-destructive cycle in alcoholics
whereby one drink leads to another, and allowing more quality time
for psychosocial therapy to be productive. Naltrexone has demon-
strated effectiveness in a variety of alcohol-treatment settings
using adjunctive psychosocial therapies that provide motivation to
stay in treatment, avoid relapses, and take medications.

Individualized, flexible naltrexone dosing can be of benefit.
Longer-term naltrexone therapy extending beyond three months
may be most effective, and naltrexone might be used on an as-
needed, “targeted,” basis indefinitely. It is expected that the infor-
mation in this report will help healthcare providers to better use this
effective medication.

From Snake Pits to Science

About 14 million American adults meet diagnostic criteria for
alcohol abuse or alcohol dependence (alcoholism). And, every year,
more than 1.5 million seek treatment for their alcohol-related prob-
lems (Highlights... 2000; Kurtzweil 1996).

Throughout history, attempts to treat alcoholics have been ill-
conceived and gave disappointing results. A first treatment for chron-
ic drunkenness may have been devised by ancient Romans, who
lowered habitual drunkards into snake-filled pits, thinking the terror
would shock them into abandoning their wayward practices (Sournia
1990).

By the close of the 19th Century, Merck’s Manual of the
Materia Medica (1899) was recommending such nostrums for alco-
holism as arsenic, bromides, cocaine, chloral hydrate, opium, and
strychnine. Roughly 50 years later, in 1948, disulfiram became the

first U.S. Food and Drug Administration (FDA) approved drug for
alcoholism treatment (Kurtzweil 1996). It induces nausea, vomiting,
and other aversive reactions in those who drink alcohol while taking
the medication.

After nearly another half-century passed, in late 1994, naltrex-
one became only the second drug approved to date for alcoholism by
the FDA (Kurtzweil 1996).This new indication was authorized in
part because of naltrexone’s accumulated record of safety during
extensive prior use for opioid detoxification and in the treatment of
heroin addiction (Naltrexone... 1997; Miller 1997, p75).

A deciding factor, however, was results from two pivotal stud-
ies demonstrating naltrexone’s usefulness as part of a clinical pro-
gram for treating alcoholism (O’Malley et al. 1992; Volpicelli et al.
1992). In its approval, the FDA recommended that naltrexone also be
used with adjunctive psychosocial therapies for alcoholism.
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Naltrexone’s pharmacologic actions are
fairly straightforward. Alcohol is a complex
substance, affecting a number of chemical sys-
tems in the brain. Among other effects, it is
suspected that, when an alcoholic imbibes, the
brain’s opioid system releases endorphins
triggering reinforcement that entices the
person to drink more (Goldstein 1997,
Naltrexone...1997; O’Brien 1997; O’Malley
1998, Swift 1995).

Naltrexone
is not addictive
and does not react
aversively with
alcohol.

able qualities of alcohol to decrease further
drinking behavior, so a “lapse” does not
progress to a relapse. Naltrexone’s ability to
fulfill those requirements is examined in the
research evidence.

Evidence Selection

The various types of research study
designs may be ranked according to a “hierar-
chy of evidence,” based on their relative

Unlike earlier drugs used to treat alco-
holism, naltrexone is not addictive and does
not react aversively with alcohol. It blocks opioid receptors in the
brain (it is an antagonist), and this has been proposed as stemming
the endorphin-mediated reinforcing effects of drinking alcohol. The
validity of this concept has been supported by observations that
alcoholics experience increased opioid system activity in response to
alcohol (Herz 1997; Miller 1997).

Some controversy has surrounded the use of naltrexone for
alcoholism (Freed and York, 1997). First, healthcare providers, and
patients themselves, sometimes question the value of using any drug
to treat drug or alcohol addiction. Second, research on the effective-
ness of naltrexone and how best to use it in treating alcoholism has
evolved rapidly during just the past decade and cumulative findings
are not widely known or appreciated.

In this era of managed care and increasing pressures of account-
ability, healthcare providers need credible scientific information for
decision-making purposes in recommending medications such as nal-
trexone. They need to respond authoritatively to questions such as:

e Where did you learn that naltrexone is effective in treating

alcoholism?

e How do you know the information is reliable and valid?

e What results do you expect from using naltrexone?

These questions serve as the foundation of this clinical update
report. The goal is to provide healthcare providers with useful, evi-
dence-based answers.

Treatment Expectations

It has been stressed that both alcoholics and alcohol abusers
need treatment, although the goals may differ. According to the FDA,
“In most cases of alcohol abuse, the goal is to limit drinking, while
for alcoholism, it is to stop drinking altogether” (Kurtzweil 1996).

The immediate goal of most recovery programs is alcohol absti-
nence, yet that is often too strict a standard. According to some stud-
ies, about half of patients experience a relapse to heavy drinking
within 12 weeks of beginning treatment, and up to 90% will relapse
at least once during four years following treatment. (Kurtzweil 1996;
Nathan 1986; Volpicelli et al. 1992).

When sustained abstinence cannot be achieved, other goals,
such as reducing the number, frequency, or severity of relapses could
be of significant clinical value. A great potential benefit of naltrex-
one, in combination with appropriate psychosocial therapy, would be
providing the patient relief from the self-destructive cycle of intoxi-
cation to enhance engagement in treatment and achieve long-term
recovery objectives (Miller 1997, p59).

Volpicelli et al. (1992) have suggested that the ideal pharmaco-
logical agent for use in alcoholism treatment would, first, decrease
alcohol craving and reduce the initial motivation to drink. Second, if
drinking does occur, the agent should block the reinforcing or desir-

strengths for providing results that are likely to

be valid and free of bias. Randomized con-
trolled clinical trials (RCTs) are considered by many as the “gold
standard” when addressing questions of a drug’s therapeutic efficacy
(Guyatt and Drummond 1993; Sackett et al. 1997), and are the focus
of this report.

Naltrexone Clinical RCTs

Through year 2001 there were 14 clinical RCTs to assess the
effectiveness of naltrexone for treating alcoholism, enrolling 2127
subjects, and conducted in five countries.

Table 1 presents summaries of those trials. For some of the ear-
lier studies, multiple published articles have discussed data from the
same treatment population and are grouped together. Unless noted
otherwise, all of the RCTs reported in Table 1 had the following char-
acteristics in common:

e Subjects met criteria for alcohol dependence according to the
Diagnostic and Statistical Manual of Mental Disorders 3rd or
4th editions (DSM 1987, 1994), had a recent history of alcohol
intoxication, and were between 18 and 65 years of age.

e Subjects were excluded if they had significant liver disease, a
psychiatric diagnosis beyond alcohol dependence that was being
treated with psychotropic medication, or substance abuse (other
than alcohol and excluding nicotine or occasional marijuana use).
Pregnant women or those likely to become pregnant while on
naltrexone also were excluded.

e Subjects were withdrawn (detoxified) from alcohol and abstinent
for a period of time prior to administration of study medication.
An exception was the RCT by Heinala et al. (2001), in which
prior alcohol abstinence was not required.

e Subjects were randomly assigned to treatment groups and there
were no significant demographic differences between groups at
the start.

e Naltrexone (NTX) was compared to an identical-appearing inert
substance (placebo, PBO). The naltrexone dose was equivalent to
50 mg/day, except in the study by Monterosso et al. (2001;

100 mg/day).

e Neither subjects nor investigators knew if NTX or PBO was

being taken (double-blind).

Outcome Measures

Table 1 shows seven outcome measures used to compare the
efficacy of naltrexone with placebo. The first two — abstinence and
time to first drink — portray alcohol avoidance during the respective
trial.

The next four are alcohol consumption outcomes in those sub-
jects who were not abstinent: number of drinking days, drinks per
drinking day, relapse rate, and days of heavy drinking. In most stud-




Table 1: RCTs (Randomized, Controlled Clinical Trials) — Naltrexone (NTX) vs Placebo (PBO)

NTX Efficacy Outcomes

*
StUdy N | Study | Type of x Notes
(Authors/Year Dura-| Psycho- | , | € | 2 | »> > 2
Country, Sites) tion | social e |8 | 8 |80 g |g2| 8
2 9 > 02| & |25 @
Therapy | £ 5 £ |£E| & |wE| 2
2|3 | £ |5E| = |85 3
< £ 5 a (a] S
=
O'Malley etal. 1992, | 97 | 12wk | CSTvs ST NS & o+ & + CST had the significant effects on all outcomes, and
1996a, 1996b; Jaffe results were better in trial completers. During a 24 wk
etal 1996. off-tx followup, NTX group had fewer heavy drinking days
USA-single site. and fewer redeveloped the full syndrome of alcoholism.
Volpicelli etal. 1992, | 70 | 12 wk TAU NS + + 4 4+ 4 | NTX had greatest effect in decreasing subsequent drink-
1995b. ing once drinking occurred. Besides reducing relapse
USA-single site. rate, NTX significantly increased the time to relapse.
Volpicelli et al.1995a, | 99 | 12 wk TAU NS + + + 4 | NTX reduced the risk of excessive drinking in the event
O'Brien et al. 1996. of a slip. (Some subjects in this study overlap with those
USA-single site. in the earlier report by Volpicelli et al. 1992.)
Balldin et al. 1997; 120 | 24wk | CSTvs ST NS NS + + + Effects seen only in the NTX/CST group, and persisted
Bergland 1997, during 24 wk off-treatment follow-up period. ST was
Mansson et al. 1999. described as Treatment As Usual by the authors and
Sweden-multisite. was abstinence-oriented.
Oslin et al. 1997. 44 | 12 wk ST NS NS o NS NS Studied older men (mean age 58 years). Relapse was 20%
USA-single site. less in NTX group, but was NS. NTX significantly reduced
relapse progression in subjects sampling any alcohol.
Volpicellietal. 1997. | 97 | 12 wk CST NS + + NS Outcomes are expressed for study completers; ITT
USA-single site. analyses demonstrated weaker effects of NTX. Subjective
“high” associated with drinking was reduced by NTX.
Anton et al. 1999, 131 12wk CST NS NS + + 4+ + NS For those who drank, NTX significantly increased number
2001. of days between episodes. By the end of a 14-wk off-tx
USA-single site. followup period, significant benefits of NTX had faded.
Chick et al. 2000. 175 | 12 wk TAU NS NS NS + + 4 | Outcomes are expressed for completing & compliant
UK-multisite. subjects. Only craving remained significant in ITT analysis
Kranzler et al. 2000. | 124 | 12 wk CST NS | NS | NS | NS | NS NTX-compliant patients had better outcomes, but these
USA-single site. were NS compared with PBO. Only study in which reten-
tion and compliance were significantly lower in NTX group
Heinala et al. 2001. | 121 | 12wk | CSTvs ST | NS NS + 4 NTX/CST had the primary effect. There was a 20 wk
Finland-single site. followup using NTX on a “targeted” basis, during which
reduced relapse rates persisted in NTX/CST group.
Monterosso et al. 183 | 12 wk TAU + + NTX dose was 100 mg/day (50 mg BID). NTX was
2001. associated with significantly less clinical deterioration.
USA-single site. Positive NTX effects were associated with higher initial
craving and a greater family history of alcoholism.
Monti et al. 2001. 128 | 12wk | CSTvs ST NS + NS + + More significant effects seen in patients compliant with
USA-single site. medication and in the CST group. Compliant patients
also had fewer relapses, but was NS. Beneficial NTX
effects faded during off-tx followup at 6 and 12 months.
Morris et al. 2001. 111 | 12wk CST NS NS g | 4 Outcomes are for study completers. ITT analysis for re-
Australia-single site. lapse was NS, but time to relapse was highly significant.
Krystal et al. 2001. 627 | 13 wk & ST NS NS NS NTX tx was either 13 wk or 52 wk vs PBO 52 wks. ITT
USA-multisite. 52 wk analyses shown; however, in all groups, more compli-
ant subjects and those attending more therapy or AA
sessions had better outcomes.

*Multiple analyses of the same patient population are grouped together as one study. NTX dose = 50 mg/day, except Monterosso et al. 2001.

Psychosocial Therapy: CST = Coping Skills (relapse prevention) Therapy; ST = Supportive (abstinence-oriented) Therapy; TAU = Treatment As Usual or “standard therapy.”
Outcomes: Favoring NTX: + - p< 0.05; ++ - p< 0.01. NS = No Significant Difference (equivalent). Blank means the outcome was not reported in the study.

Abbreviations: NTX = naltrexone; PBO = placebo; wk = week; ITT = intention-to-treat (includes dropouts & noncompliers); tx = treatment.




ies, relapse was defined as having 5 or more drinks on any single
occasion for men and 4 or more drinks for women, or drinking 5 or
more days within one week, or attending a treatment session intoxi-
cated. “Heavy” drinking was commonly defined as more than five
drinks, which would make this measure equivalent to a relapse day.

Finally, nine studies evaluated craving, although this was vari-
ously defined by investigators using different assessment instruments
to arrive at a patient-determined score. Often, craving at the beginning
of treatment was compared with craving at end of treatment to note
differences.

Unfortunately, there is no standard set of efficacy outcome mea-
sures used in all studies. Blank boxes in Table 1 indicate those mea-
sures not mentioned in the respective published RCT reports.

Adjunctive Psychosocial Therapy
Researchers have paired naltrexone and placebo with different
psychosocial therapies to compare the combined efficacy. Table 1
indicates three general types that have been variously described and
used:
Supportive Therapy (ST) — focuses on abstinence from alco-
hol, without teaching specific coping skills to avoid relapse. ST
may be 12-step oriented and include encouragement to attend
Alcoholics Anonymous meetings.
Coping SKkills Therapy (CST) — also called relapse prevention
therapy or cognitive behavioral therapy (CBT) — teaches
patients ways of dealing with situations and feelings that pro-
voke a return to drinking, and how to keep a drink (“slip”) from
leading to a relapse.
Therapy As Usual (TAU) — is the “Standard Therapy” at the
particular study center and may mix components of CST and/or
ST modalities. If it could be determined that TAU seemed slant-
ed toward either supportive or coping skills therapy, the psy-
chosocial therapy was respectively coded ST or CST in Table 1.
Research teams appeared to modify psychosocial approaches
based on their clinical experience, so there may have been some dif-
ferences in how the same type of therapy was structured in various
RCTs. For the two multisite RCTs, there also is the question of
whether the same therapy was delivered consistently at various loca-
tions by different therapists.

Summary of RCT Results

Drinking Outcomes

Outcome values in Table 1 are denoted in terms of the statistical
significance of data comparing naltrexone with placebo (see sidebox
on “Significance”). Thus, on each particular measure, the effects of
naltrexone were either comparable to placebo (NS or nonsignificant),
of significant advantage (+), or very significantly beneficial (++). In
no case was naltrexone of less benefit than placebo.

Figure 1 graphically summarizes the advantages of naltrexone
relative to placebo. It represents for each outcome an averaging of
results across all RCTs that reported the measure.

Naltrexone does not appear to exert an influence compared with
placebo on maintaining abstinence or in postponing the first drink in
those patients who cannot avoid alcohol. However, there is clear and
consistent evidence that naltrexone is significantly beneficial in help-
ing those patients who cannot remain abstinent to reduce their drink-
ing behaviors. They drink less often and in lower quantities, avoid-
ing full-blown relapse.

Volpicelli et al. (1992) reported that naltrexone appeared to be
most effective in decreasing drinking in subjects who had at least one

1.2

NTX Outcome Measures

14

0.8

0.6

0.4

NTX Evidence Score

0.2

0 -
c®
v“e&\(\e

<

(] . .
oo <><\<‘V‘\<\g o@*\(\g

o

Figure 1: NTX score measures the strength of evidence favoring naltrexone, rep-
resented by averaging efficacy scores for all RCTs in Table 1 that measured the
particular outcome. Points were assigned as: 0 (NS), 1 (+), and 2 (++). Score of 1
or above represents statistically significant advantage of NTX over PBO.

alcohol-sampling episode or “slip.” Whereas, almost all (95%)
placebo-treated subjects who slipped proceeded to relapse, those tak-
ing naltrexone typically drank less during a slip and only half of them
actually relapsed to heavy drinking.

Volpicelli and colleagues (1995a, 1995b) also observed that nal-
trexone-treated subjects reported that the subjective “high” or eupho-

The Significance of “Significance”

The RCTs evaluated for this report compared naltrexone with placebo
on each particular outcome measure studied to determine superiority of
one over the other. Statistical analyses were used by the researchers to
evaluate and quantify the significance of any differences, with a stan-
dard cut-off point for significance of p < 0.05 (designated ‘+ in Table 1).

Probability- or p-values are considered in this report as a relative indi-
cator of effect size and strength. In a broad sense, a p < 0.05 means that
the observed benefit for naltrexone on the particular outcome measure
is large enough to be considered a true and “significant” advantage; that
there is less than a 5% probability that the effect occurred merely due
to chance. Put another way, with a p-value of 0.05 or less there is at
least a 95% certainty that the observed effect is “real” and valid, rather
than being merely a coincidence.

Probability-values less than 0.01 (designated ‘++ in Table 1) suggest the
effect favoring naltrexone is even stronger. There is 99% certainty the
effect is not due to chance.

Conversely, any p-value greater than the 5% cut-off point (e.g., p =
0.06), suggests that differences between groups may be due merely to
chance and are not statistically significant (designated NS in Table 1). In
essence, the effect of naltrexone, although possibly appearing to be
favorable in terms of absolute value, must be considered as no better
than placebo on the particular measure.

Hypothetically, it is possible to have negative effects; that is, naltrexone
producing worse results than those observed in the placebo group.
However, this was not observed in any of the clinical RCTs to date.

Also, it is important to note that an outcome may not be statistically sig-
nificant but still have clinical significance. For example, due to study lim-
itations or variability in results, an overall 20% reduction in relapse rate
associated with naltrexone may not reach statistical significance (as in
the study by Oslin et al. 1997). However, this still can be clinically valu-
able by preventing full-blown relapse in one additional patient for every
five treated with naltrexone.




Without Relapse

# Naltrexone-treated group
' Placebo-treated group o

Cumulative Proportion

Number of Weeks Receiving Medication

Figure 2: Progressive proportions of patients without relapse — “survival
analysis” — for NTX vs PBO groups, significantly favoring NTX (data from
Volpicelli et al. 1995a).

ria produced by alcohol was significantly less than usual. This is con-
sistent with naltrexone’s action in blocking opioid receptors and
diminishing pleasurable effects associated with alcohol drinking.

Besides reducing overall relapse rates, naltrexone also appears
to significantly prolong the relapse-free time in those who eventual-
ly do relapse. Figure 2 depicts the typical relationship plotted over
time, called a “survival curve,” comparing naltrexone with placebo
(Morris et al. 2001, Volpielli et al. 1995a).

Furthermore, Anton et al. (1999) found that naltrexone effec-
tively doubled the time between a first relapse (or heavy drinking
day) and a second such episode. Taken together, naltrexone s effects
in stemming relapse to heavy drinking allow more quality time for
psychosocial therapy to be productive.

Alcohol Craving

Alcohol craving was measured and reported in 9 of 14 RCTs. As
Figure 1 indicates, naltrexone therapy quite significantly reduced
craving.

Various researchers have noted that patients with higher initial
craving appear to derive greatest benefit from naltrexone (Jaffe et al.
1996; O’Malley et al. 1992; Monterosso et al. 2001). Volipicelli
(2001) recently observed that naltrexone seems to have an immedi-
ate effect of reducing the urge to drink and this can be very useful in
helping patients focus on other issues besides alcohol craving, espe-
cially during early stages of recovery.

There is the question of why this reduced craving effect did not
enhance abstinence in the RCTs. First, craving may be but one drive
motivating drinking. Second, heavy drinking may itself induce crav-
ing and, since naltrexone-group patients drank less often and in
lower quantities, this helps explain their lower craving scores but
only equivalent abstinence compared with placebo-treated subjects
(Chick et al. 2000).

Impact of Psychosocial Therapy

RCT results suggest that the efficacy of naltrexone can be
dependent on the type of psychosocial therapy with which it is
paired. As Table 1 demonstrates, supportive, abstinence-oriented,
therapy (ST) was largely ineffective in conjunction with naltrexone
on any outcome measures, with the single exception of the trial by
Oslin et al. (1997) in older patients.

Oslin and colleagues found naltrexone significantly effective in
reducing the extent of drinking and progression to relapse in subjects
sampling alcohol. This was unlikely related to the supportive psy-

chosocial therapy, since its goal was to avoid any drinking at all.

In general, coping skills therapy (CST), emphasizing relapse-
prevention strategies, proved much more effective than supportive
therapy in achieving positive outcomes associated with naltrexone.
“Treatment as usual” (TAU) therapies also were effective, and
observed primarily in three investigations at University of
Pennsylvania treatment centers (Volpicelli et al. 1992, 1995a;
Monterosso et al. 2001). The approach here emphasized support of
abstinence, including participation in group therapy stressing moti-
vational enhancement, relapse prevention skills, and compliance
with the medication regimen. Therapy was customized to patient
needs and seemed to benefit from a synergism of the best that sup-
portive and coping skills therapy might offer individually.

Contrary Evidence

Only 2 of 14 RCTs to date have failed to demonstrate signifi-
cantly favorable effects of naltrexone: Kranzler et al. 2000 and, most
recently, Krystal et al. 2001.

Krystal and colleagues raised doubts about the utility of nal-
trexone in older patients with chronic, severe alcohol dependence.
They studied a population of men averaging 49 years of age and 20
years of heavy drinking. However, their findings conflict with other
RCTs, involving almost identical populations of older males with
long drinking histories, which reported significantly favorable
results for naltrexone in terms of relapse, frequency of drinking, and
quantity of alcohol consumed (Morris et al. 2001; Oslin et al. 1997).

A critical factor in the RCT by Krystal et al. was the adjunctive
use of strictly abstinence-based therapy focusing on 12-step facilita-
tion counseling. In prior research, this was not found to be effective
in combination with naltrexone. Still, these researchers did observe
that naltrexone treatment extended the time to relapse by nearly 70%
and this might have been a significant benefit clinically. A survival
analysis of the sort shown in Figure 2 was not reported.

Finally, the Krystal et al. trial was conducted at 15 Veterans
Affairs medical centers, so the quantity, quality, and consistency of
psychosocial therapy across treatment centers is questionable. This
intersite variability combined with relatively small numbers of
patients at each center might have led to reduced effect sizes.

This phenomenon also was evident in a multisite RCT by Chick
et al. (2000) in which psychosocial therapy reportedly varied widely
by center and naltrexone benefits were most significant for those
patients staying in treatment and taking medication. In their trial,
Krystal et al. did not report on the subgroup of completing and com-
pliant patients.

The earlier Kranzler et al. (2001) trial, was the only RCT to date
in which naltrexone-treated patients exhibited significantly less med-
ication compliance and more study withdrawals than the placebo
group. In all other trials reporting the measures, naltrexone treatment
was associated with greater or equivalent compliance and retention
compared with placebo.

Also in contrast to other RCTs, Kranzler and colleagues report-
ed significantly more side effects with naltrexone, primarily gas-
trointestinal-related (eg, nausea, vomiting, diarrhea). They observed
that subjects with more GI complaints pretreatment were more sus-
ceptible to subsequent GI symptoms when treated with naltrexone,
resulting in less medication compliance and, eventually, early with-
drawal from the study. Patients who were able to tolerate naltrexone
had better outcomes, but the trends were not statistically significant.

Although standard inclusion/exclusion criteria were used for
subject selection by Kranzler et al., they reported enrolling 183 of




194 persons recruited (94%). and alcohol craving.
This is an unusually high accep- It should be noted that
tance rate and it is possible that advantages of naltrexone are
the study population was biased | Measure No.* | Mean** Range also based on its specific nature,
in some way, 'resulting %n a | Males 14 84% 71% - 100% rgther than sirnp}y gtudy reteg-
greater proportion of subjects tion and/or medication compli-
with predispositions to adverse | Age (years) 13 44.5 39 - 58 ance. As Litten and Allen (1998)
reactions when taking psychoac- | Married 12 42, 16% - 73% | have observed, in most RCTs,
tive medications. For example, a patients do better with naltrex-
separate arm of this trial investi- Employed 9 62% 27% - 84% | one than placebo-treated sub-
gated possible benefits of nefa- | Years Drinking 7 21 15-130 jects who are equally retained
zodone, an antidepressant, and - ) and compliant.
also observed significant increas- Drinks Per Day Prior 7 12 10-135
es in side effects in that group. Study Retention 12 Long-Term Efficacy
_ On the basis of these two Naftrexone 72% | 41%-91% Six of 14 RCTs examined
trials, any deficiencies of naltrex- long-term effects of naltrexone
one’s efficacy in particular Placebo 70% 42% - 91% during followup periods ranging
patient populations cannot be Medication Compliance*** 10 from 14 to 40 weeks after the
concluded. end of drug treatment (ie, off-
Naltrexone 66% 32% - 98% treatment). Results suggest that
Interacting Factors Placebo 64% 31% - 98% | naltrexone is effective as long as
The efficacy of naltrexone in it is taken, but benefits begin
treating alcoholism has been fading once the medication is
demonstrated across a range of terminated (see Table 1 “Notes”
treatment programs, internation- — Anton et al. 1999; Heinala

ally, using differing psychosocial therapies, and in diverse patient
populations. Table 2 summarizes demographic data for all RCT
participants.

It should be noted, that RCTs to date have focused on males
between 39 and 58 years of age, on average. Other factors also may
interact to influence efficacy outcomes.

Importance of Retention/Compliance

Naltrexone appears to be especially effective for patients who
stay in treatment and comply with medication regimens (Chick et al.
2000; Monti et al. 2001; O’Brien et al. 1996; O’Malley et al. 1992;
Volpicelli et al. 1997). As Table 2 shows, naltrexone was associated
with slightly greater retention and compliance than placebo,
although this trend was not statistically significant and there was a
wide range across studies.

Most RCTs reported “intention-to-treat” (ITT) analyses that
included data from all patients, whether or not they remained in the
study or took their medication. This tends to understate medication
efficacy and might have occurred, for example, in the Oslin et al.
(1997) trial. There was very low treatment compliance (less than a
third of patients in either group) and consequently few significant
benefits of naltrexone were reported in the ITT analysis. (Oslin and
colleagues also used an unusual dosing schedule: every other day —
100, 100, 150 mg — considered equivalent to 50 mg/day).

Four of the naltrexone RCTs — Chick et al. 2000; Morris et al.
2001; O’Malley et al. 1992; Volpicelli et al. 1997 — reported analyses
focusing on patients who completed the trials and were compliant
with medication regimens. These analyses, known as “per protocol,”
demonstrated significant effects of naltrexone and are reflected in
Table 1.

This apparently did not slant the summarization of outcomes in
this report, since a recent meta-analysis by Streeton and Whelan
(2001) using only ITT data reached the same conclusions as present-
ed above in figure 1. That is, naltrexone significantly improves out-
comes in terms of alcohol consumption, relapse to heavy drinking,

2001; Krystal et al. 2001; Monti et al. 2001; O’Malley et al. 1996a;
Mansson et al. 1999).

Some researchers have recommended a minimum of six months
treatment with naltrexone (Naltrexone...1997; Volpicelli 2001). It
also has been proposed that, following a course of daily treatment,
naltrexone can be useful on an as-needed or short-term basis; using
the drug during high-risk periods or after a resumption of drinking
following successful abstinence (O’Malley 1998; Volpicelli 2001).

In their RCT, Heinala et al. (2001) included a 20-week “target-
ed” naltrexone period following daily dosing. Subjects were instruct-
ed to take naltrexone only when craving alcohol and/or drinking was
likely. This intervention was of significant benefit in warding off
relapse. Others have reported using this targeted-naltrexone
approach effectively in reducing all measures of alcohol consump-
tion (Kranzler et al. 1997).

Naltrexone Dose

Most research on naltrexone for alcoholism has used a 50
mg/day dosing schedule. This is comparable to daily naltrexone
doses used for opioid-abstinence therapy, and is believed to be opti-
mal for opiate-receptor blockade (Saitz and O’Malley 1997).

Individualized dosing regimens have been investigated and rec-
ommended for selected patients, ranging from 12.5 mg/day to 150
mg/day (Croop et al. 1997, O’Malley 1998; Saitz and O’Malley
1997). Lower doses are sometimes initiated to minimize potential
side effects and then gradually increased.

In the RCT by Monti et al. (2001), patients were started at 25
mg/day for the first two days and then given 25 mg twice daily.
Although the authors did not report on adverse events, minimization
of side effects with this dosing schedule might have contributed to an
unusually high naltrexone-group retention rate (91%) in this trial.

Current thinking is that doses of 100 mg/day up to 150 mg/day
can be safely and effectively used in many patients (Volpicelli 2001).
Monterosso et al. (2001) administered 100 mg/day (50 mg BID) in
their RCT, and retention/compliance rates were well above average.




Naltrexone in Dual-Diagnosed
Patients

RCTs reviewed in this report primarily
included subjects without substantial psychi-
atric comorbidity, yet such disorders are com-
mon in alcoholics (Bowden 1997; Khantzian
1997). An exception was the trial by Morris et
al. (2001), in which more than half of subjects
had psychiatric diagnoses concurrent with
alcoholism. These researchers observed that
significant benefits of naltrexone were inde-
pendent of such coexisting disorders.

In an observational study (non-RCT),
Salloum (1998) evaluated naltrexone in
depressed alcoholics who had failed to abstain

Naltrexone
appears to break
the vicious,
self-destructive
cycle in alcoholics
whereby one drink
leads to another.

Practice Implications
Consistent with a prior systematic review
of naltrexone trials by the Agency for Health
Care Policy and Research (Garbutt et al.
1999), this present report concludes:
e Randomized controlled trials of naltrexone
in the treatment of alcoholism are recent,
extensive, and of good quality.
e There is good evidence that naltrexone
significantly reduces alcohol relapses, the fre-
quency and quantity of alcohol consumption
in those who do drink, and alcohol craving.
In brief, naltrexone appears to break the
vicious, self-destructive cycle in alcoholics

from alcohol despite treatment with antidepres-

sants. There were significant decreases in alcohol use and in cravings
with naltrexone, plus improvements in depressive symptoms and
overall functioning. Similarly, in a study of mentally ill alcoholic
patients taking multiple psychiatric medications, Maxwell and
Shinderman (2000) found that naltrexone produced a 75% reduction
in alcohol consumption in more than 80% of patients.

Pretreatment Abstinence

Almost all RCTs required alcohol abstinence prior to beginning
naltrexone therapy — ranging from a few days to several weeks. This
may have affected some results, especially time to first drink, reten-
tion, and medication compliance (Streeton and Whelan 2001).

However, Heinala et al. (2001), in Finland, enrolled nonabstinent
subjects. Naltrexone was well-tolerated and significantly reduced
relapse rates, while also achieving above average study-retention
(84%). Further RCTs investigating this approach seem warranted.

Safety Profile

At usual doses, there have not been any reported serious adverse
events directly attributed to naltrexone in the treatment of alcoholism
(Highlights... 2000). Overall, RCTs to date have demonstrated that
the incidence of subjects reporting side effects or discontinuing from
naltrexone treatment due to such effects was roughly equivalent to
placebo (Streeton and Whelan 2001).

Naltrexone has been associated with increased nausea and vom-
iting. Less common side effects include headache, dizziness, fatigue,
or insomnia. These effects are usually mild, often single occurrences,
and resolve soon after dose stabilization (Lynch et al. 1998;
Naltrexone... 1997; O’Malley et al. 1992; Salloum et al. 1998;
Volpicelli et al. 1992).

Naltrexone undergoes first-pass metabolism in the liver,
although it does not interact with the P450 enzyme system
(Naltrexone... 1997). Product literature specifies that naltrexone is
contraindicated in patients with acute hepatitis or liver failure
(DEPADE" 2000; ReVia® 1997), and liver function monitoring is
recommended in some cases (O’Malley 1998).

However, in the absence of preexisting hepatic dysfunction, nal-
trexone at doses up to 200 mg/day has not been associated with liver
damage (Croop et al. 1997; Marrazzi et al. 1997). In some studies,
naltrexone-treated patients experienced an improvement in liver
enzyme values (Volpicelli et al. 1992; Volpicelli 2001), most likely
associated with abstinence or reduced alcohol consumption.

whereby one drink leads to another.

Harm Reduction Strategy

Just as with the medication management of other serious chron-
ic illness, a more pragmatic strategy, using naltrexone, seeks to
induce remissions when possible, limit relapses, slow deterioration,
and support patients in improving their quality of life (Olson and
Willenbring 1999).

This approach is known as “clinical harm reduction,” to distin-
guish it from the “abstinence-or-fail” outlooks of other alcoholism
treatments (Freed and York 1997). According to the evidence
reviewed in this report, naltrexone can be an important adjunct in
fostering harm-reduction as a component of alcoholism-recovery
goals, including eventual sustained abstinence.

Clinical Action Steps
Treatment plans using naltrexone ideally respond to individual

patient needs. In that regard, practitioners may want to consider the

following evidence-based conclusions:

1. Naltrexone is effective in a variety of alcoholism-treatment set-
tings where motivation to stay in treatment, avoid relapses to
heavy drinking, and take medications is supported by appropri-
ate psychosocial therapy.

2. Naltrexone may be especially useful in repeat alcohol relapsers,
by reducing the frequency and scope of drinking episodes to
allow continued progress toward recovery goals.

3. Individualized naltrexone dosing regimens can be of benefit,
possibly starting at lower doses and titrating upward.

4.  Alcohol abstinence prior to initiating naltrexone therapy may
not be necessary in all cases.

5. Extended daily use of naltrexone may be helpful: longer-term
therapy (6 to 9 months) can be more effective than short-term (3
months).

6. Following daily therapy, naltrexone might be used on an as-
needed, “targeted,” basis indefinitely.

Research results require careful consideration. Statistical signif-
icance of outcomes is important but can be misleading, for even
small improvements can be clinically and socially significant when
each percentage point may represent thousands of lives benefitted.
As Enoch Gordis, MD, former Director of the National Institute on
Alcohol Abuse and Alcoholism (NIAAA), once observed, “While
not a ‘magic bullet,” naltrexone promises to help many patients
in their struggle against chronic relapsing disease”
(Naltrexone...1995).
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5, Addiction and the Duress of Stress (Vol. 9, No. 3, Summer 2000)

6. The Shifting Sands of Opioid Addiction & Treatment (Val, 9, No. 4, Fall 2000)
7 The Hijacked Brain Revisited (Vial. 10, No. 1, Winter 2001)

8. The Voices of Dissent {Vol. 10, No. 2, Spring 2001)

Addiction Treatment Forum, Liver Disease in MMT: Treatment &
Transplant - Part 1-4

by Stewart B. Leavitl, Editor, (PDFfile 244KB) Liver Dis in MMT.PDF

Parl 1 : Critical Concerns (Val 10, Na, 4, Fall 2001)

Fart 2 : Hepatitis C - A "Giant Silent Killer" (Vol. 11, No. 1, Winter 2002)

Part 3: MMT Clinics' Roles in HCV Therapy (Val. 11, No. 2, Spring 2002)

Part 4! Hope for Liver Transplantation (Vel. 11, Na, 3, Summer 2002)

Survey Resulls - Liver Disease Fale (Vol. 11, No. 2, Spring 2002)

The Safety of Methadone, LAAM, Buprenorphine
Full research report by Stewart B, Leavitt, Ph.0D. Editor (MS Word file) Also see,
ATForum, Spring 2001; 10(2) AE Repon Final doc

Does Methadone Maintenance Treatment Affect Heart Health?
Research report by Stewarl B. Leavitl, Ph.D., Editor (PDF file B8KB) Methadone &
Heart Heallh,pdl

Evidence for the Efficacy of Naltrexone in the Treatment of

Alcohol Dependence (Alcoholism)
Research report by Stewarl B. Leavitt, Ph.D., Editor (FDF file 140KB) Nalttexune While
Paper,pdi

DRUG INTERACTIONS

Drugs That Prolong the QT Interval and/or Induce Torsades de
Pointes

(as of September, 2002) (PDF file 48KB) OT Drugs 5-3-02 pdf

Cytochrome P450 Drug Interaction Table (PDF file 56K) P50 Diug
lnteraction Tabie,pdf

GOVERNMENT RESOURCES
Consensus Statement on Evaluation of Outcomes of

Pharmacotherapy for Substance Abuse Dependence; Report from a
NIDA/CPDD MEETING held in Washington, DC April 23-24, 1999 (PDF file 168KB)
Adden Phamm Goals, pd!

CSAT - Executive Summary - Improving Substance Abuse
Treatment: The National Treatment Plan Initiative November 2000 (PDF
file 292KB) Natxplan 1.pdf

CSAT - Improving Substance Abuse Treatment: The National
Treatment Plan Initiative November 2000 (PDF file 902K8) CSAT Nall Tx
Plan.pdf

Methadone Regulations

Federal Reglster, January 17, 2001 [21 CFR Part 291; 42 CFR Part 8; Opioid Drugs In
the Maintenance and Detoxification Treatment of Opiate Addiction; Final Rule]. (FDF
file 529KB) Mothadane Fed Regs pdf



Methadone Medical Maintenance Manual

David A, Figllin, Michael V. Pantalon, Patrick G. O'Cennar. This manual describes
procadures involved in the delivery of Medical Management (MM) of methadone
malntenance freatment by a trained physician in a primary care setting (PDF file 49K8)
Methadone Med Mgme,pf

NIDA - Epidemiologic Trends in Drug Abuse, December 2001,
Community Epidemiology Work Group (POF file 788KE) MIDA Drug
Trends POF

NIDA - Stress & Substance Abuse; Community Drug Alert Bulletin
(POF file 122KB) NIDA Stress Aler POF

ONDCP - Drugs In America
Statistics, budgets, and goals, 2002 update (PowerPoint Presentation 2,209KB) Diugs
in America. ppl

US Department of Justice - Defining Drug Courts: The Key

Components
January 1997 (PDF file 2,209KB) Drug Courls.pol

HEPATITIS, HIV/AIDS
CDC - Epidemiology and Prevention of Hepatitis B
"Pink Book" 2002, pp 169-176 (POF file 2.085 KB) CDC HBY Plnk Book el

CDC - Control and Prevention of Hepatitis A
MMWR. 1988 (PDF file 733KB) Hegallls A pdf

Injection Drug Use and HIV/AIDS
Canadian HIV/AIDS Lagal Network, 1399 (PDF file 927KB) |DU. and AIDS pdf

NIDDK - Chronic Hepatitis C; Current Disease Management
(POF file 120KB) NIDDK HCY Guide PDE

NIH: Management of Hepatitis C: 2002
NIH Concensus Development Conference Statement - Final, August 26, 2002
(PDF file 310KB) MIH HCY Cuas 2002 Flal pdl

METHADONE & ADDICTION TREATMENT

Drug Misuse and Dependence — Guidelines on Clinical
Management

Department of Health, Morthemn Ireland, 1999 (PDF file 783KB) LK Methadone
Guidslines. pdl

Methadone Treatment Worl:S'

A Compendium For 1ce Ti {. Monograph Series Number 2,
D r 1984, A Moriog |0f The Ct Dependency Research Warking Group
Tha New Yark Slate Office ol' Alcohaolism and Substance Abuse Services (PDF fiie
2B5KB) COBWG Mong ZPDF

Methadone Patients and the Treatment of Pain

Section from CORWE Monograph 2, December 1994, Payls JG, Khurl I, Joseph H,
Woods J.

(MS Ward Doc 48KB) MMT & Pain Mamt.doc

Physician Leadership on National Drug Policy (PLNDP); Position
Paper
(PDF file 337KB) ELNDE Paperpdl

Toward a New Recovery Movement: Historical Reflections on Recovery,
Treatment and Advocacy by Willlam L. White, April 2000 (PDF file 96KB) Recoyery
fdaymn. pdf

When "Enough” is Not Enough: New Perspectives on Optimal
Methadone Dose

Stewart B. Leayitt, Marc Shinderman, Sarz Maxwell, Chin B. Eap, Phil Paris; Mount
Sinal Jaurnal of Medicine; 2000 (PDF file 91KB) Enough.pof

PSYCHIATRIC DISORDERS
Major Depression, Panic Disorder, and Generalized Anxiety

Disorder in Adults
ICS| Health Care Guideline, 1939 (PDF file 346KB) Anxlely. Disoriers, puf

Depressive and Bipolar Mood Disorders
May 2000 (PDF file 166KB) Oapression-Bipolar Disordars POF

Stress, the Hypothalamic- Pituitary-Adrenal Axis, and
Vulnerability to Drug Abuse
by Nick E. Goeders (PDF file 131KB) Suess & Addiclion, pdl

BOOKS & BOOKLETS OF INTEREST

(Most books are avallable from www amazon com and other on-line booksellers.}
3rd Edition of Classic Text from ASAM

Expected in late Summer 2002, ASAM (American Society of Addiction Medicing) has
complately updated and revised its massive compendium of knowledge for the fisld —
Prnciples of Addiction Medicine, 3rd Edifion,

Al 1,400 pages, this new edition is even larger than before and It now Includes 120
chapters of the latest evidence-based and clinically relevant information. There more
than 10,000 supparting references

Every chapter has been sither updaled, rewrillen, or is entirely new. Some sections,
such as those on ph gic intervent medical disorders and complications,
and pain and addiction are significantly expanded. Keeping up with the latest treatment
modallties, a new chapter on office-based opioid therapy (OBOT) has been added, and
there are forward-looking discussions of such pharmacotheraples as buprenorphine
and acamprosate.

Full citafion: AW Granam, TK Schultz, M Mayo-Smith, RK Ries, eds. Principles of
Addiction Medicine, Third Edifian. Chevy Chase, MD: American Soclety of Addiction



Medieine, Inc,; 2002 [ISBN No, 1-880425-08-4],

To arder, call ASAM' 1-B00-844-8948, or e-mall to: Emalli@asam arg. Final cost to be
announced al press time (old edition was §155 for nonmembers), Special offer for AT
Forum readers — when ordering, specify Code #ATFonim for FREE shipping within the
U.S, (a 520 value), See also; hitp/fwww asam oig(.

Guide to Treating Drug Emergencies

In Drug and Alcohal Abuse: A Ciinical Guide to Diagnosis and Treatment, Sth ed., Marc
A, Schuckit. MD pravides an overview of drug classifications and mechanisms, and
covers the p gy and physical effects of alcohol, depressants,
stimulants, oploids, hallucinogens, cannabis, and more. Most crifical, thare is an
emphasis throughout the book on how to deal with emergency medical problems
related to drug abuse, addiction, and overdose.

Thus latest edition of the book Includes a 70% updating of reference material with a
focus on recent developments in phammacatherapy, plus an all new chapler on
prevention. Schuckil recommends skimming all of the chapters covering the many drug
classes. From there, the book can serve as a handbook, kept nearby for easily-
accessed advice on dealing with drug-related crises or confirming suspected drug-
induced symptomatology appearing n clinical settings.

Drug and Alcahol Abuse: A Clinical Guide to Diagnosis and Treatment; 5th ed. is lrom
Kluwer Academic/Plenum Publishers; New York (ISBN 0306462303, 2000, 380 pp).
Avallable online from www amazan.com (S49.95 + shipping) and al other booksellers.

Recovery Options Examined

Recovery Options The Complete Guide by Joseph Volpicelli, MD, PhD and Mata
Szalavilz provides an in-depth look al the many ways to view alcohalism and ather drug
eddictions, and an overview of addicfion trealment research, modalities, and
pharmacotherapies.

The autlook n this book 1s extremely well-balanced, withaut lobbying for any particular
treatment approach as a one-size-fits-all solution, In fact, the "Penn Paradiogm,” which
Volpicelll advocates, stresses that it is what the patient considers important, not what
Ihe treatment program is pushing, thal mafters" The underlying posture of the entire
book js, “Patients given 8 menu of treatment options do significantly better than those
who are simply lold what lo do.* Patients, or prospechive patients, also will greally
benefit from this baok, as denoted by Its subtitle: Haw You and Your Loved Ones Can
Understand and Treaf Alcohol and Other Drug Problems.

Recovery Optons The Complefe Guide from Wiley books s available st local

bookstores (ISBN 0-471-34575-X, 2000, paperback, 300 pp, $15.95), or from
hitpu/iweww smiazon.com and other online bookssllers.

Practical Advice Offered by Pair of Addiction Books

A pair of very reasonably priced books by A 1 addiction | speciall
Andrew Byrne, MD offers much of value for prof | and lay audi

Methadone in the Trealment of Narcotic Addiction - 15 a good read for physicians and
other healih care workers interested In a broad understanding of addiction and
methadone maint e, Byme p 15 his experi thered from over a decade
of practica in the fleld in a siral-ghtforwan:l fact-filled rnarlnar [96 pages; §14 US,
includes postage|]

Addiet in the Fanuly - 1= a reference for persons addicted to substances of abuse, and
for thelr relalives and friends. || provides a practical, no nonsense guide for belter
understanding drug abuse and the various treatment options avallable, (88 pages; §9
US, includes postage)

Contact: Tosca Press; 75 Redfem St; Redfem, NSW, 2016, Australia
Fax: 612 9318 0631; Emall: alhyme@ozemail com ay

Methadone Primer for Patients

About Methadone Is a 50-page booklet from the Lindesmith Center-Drug Policy
Foundation that covers most of the questions patients and thair loved ones might have
abaul methadone maintenance treatment. Written [n nontechnical language, It gives
facis, dispals mylhs, and also provides helpful tips on such topics as traveling with
methadone, storing the drug, concerns aboul overdose, and much more.

To obtain copies, confact the Lindesmith Center at 212-546-0695;
methadone@drugpolicy, or visit tttpweww drugpalicy.arg,

Counselor Text on Dual Diagnoses

David F. O'Connell, PhD, psychotherapist and clinical director of a leading addiction
treatment facility, has written an Importanl houk f{H’ all addiction counselors and

assoclaled stalf. Dus/ Disorders. E and Tr fwill help
heallh care professionals become belter :Ilagnosilu.uans develop improved treatment
plans, and com i more afully with other mental health professionats Soft

covar (250pp), ISBN: 0-7800-0401-1, 519.98 (USS). Haworth Press: 1-800-429-6784,
oulside US/Canada B07-722-5857; bl www haworthpressing. com/.

PDR Publisher Offers Herbal Guide
POR for Herbal Medicines Is a new gulde almed at giving health care workers unblased
data to guide patienls who may be laking such allernative therapies. The book is from

Ihe publishers of the Physician's Desk Reference (PDR). ISBN 1-5636-3292-6, §58.95
(800pp); Madical Economics Company, Monlvale, New Jersey; 1-800-PDR-9206.

Book Ties Together Neuroscience & Behavior

Drug Addiction and Its Tre " Nexus of Neur and By , edited by
Bankole Johnson and John Roache, proposes thal the behavioral and neurosclence
disciplines would benefit fram a mulual understanding of each other's technology. It
suggests wavs of integrating behavioral and pharmacological treatments of drug
addiclion. From Lippincoti-Raven, Philadelphia, 1987 (448pp, ilustrated); ISBN 0-3975-
1764-5; $131.00,

Booklet Highlights Addiction Differences In Women

With Inereased avallability of llegal drugs and acceptability of wemen drinking and
using drugs, women are approaching & dubious form of gender equality, actording 1o
Women & Addiction Gender [ssues in Abuse and Treatment, a booklet from Caron
Foundation,

Waomen are likely to be introduced to drugs and alcohol by men with whom they have
an Intimate relationship, while men are more infiuenced by male friends or
acquaintances. Abuse and trauma, often Inflicled by a family member, make girls and



women more vulnerable (o addiction. Wormen tend lo be supportive of men in
trealmenl, bul male partners are not as likely to be supportive of women (n treatment,

The 24-page, evid based booklel s available for downloading al
L.l!ﬂ._l’.\!f_‘ttmbwgi For a hard copy of the report, send e-mail lo
@caronloundation.org,

or call BOO 678-2332, Ext 2288,

JOURNALS & NEWSLETTERS

New NIDA Journal - Science & Practice Perspectives

A new journal avallable free from NIDA — Science & Practice Parspectives — promoles
dialogue between researchers and providers in the drug abuse treatment field.
Published twice a year, in each issue, researchers provide up-lo-the-minule reviews of
the most eritical tapies in the science of addiction reatment. Top service providers offer
perspectives on what works and can waork In diversa treatmeni settings, For a free
subscription ta NIDA's Science & Practice Perspectives, send a raquest via fax: 240-
632-0519; e-mail: nigapersecliyes@masimax.com: of via the Internet at:
Dbifpdwwwnida,nin. goviperspeclves/subscribe him.

Advocacy Newsletter Resurrected

NAMA Advocate is the latest Incarnation of the National Alllance of Methadone
Advocatas' newslelter. This publicalion raports on diverse issues pertaining to
methadone and other subjects ol interest to patients In MMT programs. Clinlc stalf will
find this publication worlhwhile reading to keep informed of events on the advocacy
frant,

Avallable online at hifp.www.methadone ora/. To jaln NAMA and receive the print
edition contact: 212-595-NAMA, or visit the website.

Get the Scoop with NIDA Notes

This free, 16-page, bimonihly newsletter from the National Institutes on Drug Abuse is
must reading for those interested in what ressarch is leamning about drug sbuse and
addiction. NIDA, one of the National Institutes of Health, supparts mare than 85% of Ihe
world's research in the addiclion field, NIDA Notes topics Include authoritative
infarmaticn on: ireatment, prevention, pl logy, ornglr isas, health
consequences (Including HIV/AIDS), trends/patierns, and much mare.

Currant and back issues can be viewed online at:
Mttty nda ot sowMIRA_Nowes/NNIndsy !, Suhwlpuons ta the rnmlad printed
version can also be requested at the Web site, or by al
1375 Piocard Drive, Ste 360; Rockyille, MD 20850, Fax: 240- 632-0519 Ernull
nldanates @ masimax.com.

Journal with International Flair

Herain Addiction & Related Clinical Problems is an excellant, twice yearly journal with
an international Nair from the European Oplate Addiction Treatmenl Association
(EUROPAD). It Is editad by lcro Maremmani, MD in Italy and has a global editorial
board. To subseribe, visit hllpWww, europad.arg! for ordering Infarmation, Cost is
approximately $50.00 U.S. (50 Eura). Individual articles also may be purchased for
about $10.00 each (10 Euro) at the Web site,

VIDEOS
Government Methadone Video for Clinic Staff

"Methadone: Where Wa Are” (s a video and user's guide. It examines such issues as
{he use and sffectiveness of mathadone, its biclogical effects, and counselor's role In
treatment. Also, their "Relapse Prevention Technolagy Transfer Package” provides
guidance on how to Implement lwo approaches for dealing with such issues as siress,
cravings, social pressures and olher faclors leading to relapse. This video |s available
from the National Clearinghouse for Alcohol and Drug Information, PO Box 2345,
Rackyille, MD 20847 -2345, Phone; 301-468-2600 or B00-729-6686.

MMT Video Depicts "Hope for a New Life"

"METHADONE TREATMENT: The Hope for a New Lile” Is a 30-minute videotape
providing critical information on opioid addiclion and methadene maintenance
Ireatment (MMT). Produced by COMPA (Committee of Methadone Program
Administrators, Inc.) of New York State, It depicts the true story of oploid addietion,
including the disease process and its devastaling effects on the addicted person, the
family, and the community.

On camera testimany of experts in e field and patignts cleary underscore the
overwhelming efficacy of MMT. Viewers will find the video compeliing and enlightening,
providing new Insights Into addiction and methadone Irealment that are cerlain to dispel
myths and help overcome stigma.

The video normally costs §90. SPECIAL for AT Forum readers — only 545 plus §5
shipping and handling (be sure to mention AT Forum when ordering), Conlact COMPA
at: 250 Fifth Ave, Suite 210; New York, NY 10001, Phone: 518-281-8965: fax; 518-426-
1046

Short Video Paints Positive MMT Portrait

"The Joy of Being Normal" is a short (7 1/3 minutes) videa that skillfully llustrates the
benefits of methadone as a medication allowing peaple to live normal and productive
lives, Several vignelles reveal examples of "secrel successes” thal have so often been
hidden from public view — MMT patients flourishing in everyday life, with responsible
jobs and loving families,

The film is excellently produced, culturally diverse, attention-grabbing, and suitable for
any audience. Il is certain o generate further Interest and set a very positive tane for
discussions with community groups, healthcare professionals, families and prospeclive
patients, and olhers. (ndeed, this innovalive production can be a powerful tool o help
spark the sort of open dialogue that may help abolish the enduring, unjustified stigma
surraunding this vital treatment modality.

Capiss of The Joy of Belng Normal can be ardered from Danya Intemational; 8737
Colesville Rd., Suite 1200: Siiver Spring, Maryland 20910. Phone: 301-565-2142,

Wabsite: nlipwww.danya sonivmethadone Cost is $14.95 plus $3.00 shipping &
handling.

MISCELLANEOUS OF NOTE
Revised NIH Hepatitis C Statement

A Consensus Devalopmant © 1€ on The | of Hepatitis C: 2002 was
organized by the National Institutes of Health (NIH) June 2002 to provide an updale to
a 1997 conference on the same toplc. This independent, non-gavernment. panel broke




away from its 1997 predecessors by expanding the scope of patients eligible far HCV
freatment to include those who use injected drugs, consume alcohol, suffer from
comorbld psychiatric conditions such as depression, or who are coinfected with HIV. Of
importance, this latest guideline also ackr dges that anli-HCV Iherapies have been
sticcessiul in patients iving ongoing methad e 1. The full
text of the panel's statement is avallable at hﬂnﬁc_gng_ﬁ_u,._umﬂlggﬂ or by calling 1+
888-NIH-CONSENSUS (1-888-644-2667).

Website Features Alcoholism Info

Sel your Intemnet browser to hitlpy/www recovery 2000, com! for infarmation on
substance dependency, especially alcoholism and nallrexone therapy. This site s
managed by the Treatmen! Research Center al the University of Pennsylvania and
directed by Joseph Violpicelll, MD, PhD, one ol the premier researchers of alcohalism
and the use of naltrexone.

There Is easy access lo autharllalive research arlicles and lectures-in-print an
numerous addiction topics. The nallrexone FAQs are helpful for both patients and
practitioners, and patient case studies provide insights into the clinical application of
this underutilized medication. There are listings of trealment programs worldwide using
naltrexone therapy, links to other sources of information on the Web, and a number of
interactive surveys and self-lests.

Mastering Grantsmanship

Discovering funding opportunities and developing grant proposals can be difficull, Now,
a new Wab-based grant-wriling lutorial is available lo help drug abuse researchers and
programs locate and apply for federal funding, specifically grants from the National
Institutes of Health and other government agencles.

Developed by Danya International, a Maryland-based health and human services
consulling firm, the gulde provides comprahensive nfi aboul laling a
research quesfion, determining what kind of grant (s most appropriale, working with a
proposal leam, wriling different types of grants, understanding what happens after
submissfon of the grant, and avoiding fatal flaws and comman pitfalls of grant-writers.
The tutorial can be accessed at:

Ditr/hwww theresearchassistant.com/lutorialfindsx asp,
"Snapshot” Gives Look at SAMHSA Grant Opportunities

The Substance Abuse and Mental Health Services Adminisiration (SAMHSA) offars
publi called “Snapshot' — a series dedicated to simplifying and amplifying
information about SAMHSA's arant pregrams, Snapshot gives potential grant
applicants a prefiminary view of funding oppertunities in substance abuse prevention,
addiction treatmeni, and mental health services, The volume provides a brief overview
of Just how SAMHEA's grant review process warks, providing suggestions aboul how to
get started in grant wriling, identification of what an application packet should contair,
and tips about “what works" in the development and presentation of applications.

Snapshot is available at no cost from SAMHSA by sending an e-mall with your name
and address to snapshol@samhsa, oy and requesting a copy by mall, or downlead a
copy from the SAMHSA web sile at hitp./fwww samsa, gov/grants/gants il
Alternatively, call or fax SAMHSA's Office of Policy and Pragram Coordination
(31/443-4111; 301/594-6159-Fax).

A Phone Number to Remember: 800-788-2800

You can reach all seven federal alcohol and diug cleannghouses which are sponsored
ejther by the Depantment of Health and Human Services, the Depariment of Justice, or
the Department of Housing and Urban Development. The info sources include:

= National Clearinghouse for Alcohol & Drug Information
* National Criminal Justice Reference Service

= Drug Information & Strategy Clearinghouse

= National AIDS Clearinghouse

= Drug Abuse Information & Trealment Referral Line

* Drug-Free Workplace Helpline

= Drugs & Cnme Data Center & Cleannghouse

This network of resources provides ready access to thousands of helpful documenis,
plus personalized assistance to solve a problem or meet the special needs of patients.
Some clearinghouses publish regular r which are lable at no charge,

World Travel Guide for MMT Patients

Advice for travelers on methadone maintenance covers the world from Alo 2@
Afghanistan to

Zimbabwe and nearly 200 countries in between. A project of INDRO e. V. in Germany,

see
Dt tiwwwindre-online. geftravel.him or call +49 251-60123.

AT Forum is made possible by an educational grant from Mallinckredt Inc., St. Louts, MO, a manufacturer of methadone & naltrexone, © 2002, all rights reserved.
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ABSTRACT

Each year, more than 1.5 million Americans seek treatment for
alcohol-related problems. In 1994, naltrexone became only the
second drug approved to date for treating alcoholism by the U.S.
FDA. Naltrexone blocks opioid receptors in the brain, stemming
the endorphin-mediated reinforcing effects of drinking alcohol.

Recognizing that healthcare providers need credible scientific
information for decision-making purposes when considering phar-
macotherapies for alcoholism, such as naltrexone, this report
focuses on the highest level of clinical evidence — randomized con-
trolled trials (RCTs). Through year 2001 there were 14 RCTs
assessing the effectiveness of naltrexone compared with placebo
for treating alcoholism, enrolling 2127 subjects, in five countries.

An analysis of these ftrials, consistent with prior systematic
reviews and meta-analyses, concludes: A) RCTs of naltrexone in
the treatment of alcoholism are recent, extensive, and of good
quality, B) There is strong evidence that naltrexone significantly
reduces alcohol relapses to heavy drinking, the frequency and

quantity of alcohol consumption in those who do drink, and alcohol
craving.

In brief, naltrexone is significantly beneficial in helping those
patients who cannot remain abstinent to reduce their drinking
behaviors, breaking the vicious, self-destructive cycle in alcoholics
whereby one drink leads to another, and allowing more quality time
for psychosocial therapy to be productive. Naltrexone has demon-
strated effectiveness in a variety of alcohol-treatment settings
using adjunctive psychosocial therapies that provide motivation to
stay in treatment, avoid relapses, and take medications.

Individualized, flexible naltrexone dosing can be of benefit.
Longer-term naltrexone therapy extending beyond three months
may be most effective, and naltrexone might be used on an as-
needed, “targeted,” basis indefinitely. It is expected that the infor-
mation in this report will help healthcare providers to better use this
effective medication.

From Snake Pits to Science

About 14 million American adults meet diagnostic criteria for
alcohol abuse or alcohol dependence (alcoholism). And, every year,
more than 1.5 million seek treatment for their alcohol-related prob-
lems (Highlights... 2000; Kurtzweil 1996).

Throughout history, attempts to treat alcoholics have been ill-
conceived and gave disappointing results. A first treatment for chron-
ic drunkenness may have been devised by ancient Romans, who
lowered habitual drunkards into snake-filled pits, thinking the terror
would shock them into abandoning their wayward practices (Sournia
1990).

By the close of the 19th Century, Mercks Manual of the
Materia Medica (1899) was recommending such nostrums for alco-
holism as arsenic, bromides, cocaine, chloral hydrate, opium, and
strychnine. Roughly 50 years later, in 1948, disulfiram became the

U.S. Food and Drug Administration (FDA) approved drug for alco-
holism treatment (Kurtzweil 1996). It induces nausea, vomiting, and
other aversive reactions in those who drink alcohol while taking the
medication.

After nearly another half-century passed, in late 1994, naltrex-
one became only the second drug approved to date for alcoholism by
the first FDA (Kurtzweil 1996).This new indication was authorized
in part because of naltrexone’s accumulated record of safety during
extensive prior use for opioid detoxification and in the treatment of
heroin addiction (Naltrexone... 1997; Miller 1997, p75).

A deciding factor, however, was results from two pivotal stud-
ies demonstrating naltrexone’s usefulness as part of a clinical pro-
gram for treating alcoholism (O’Malley et al. 1992; Volpicelli et al.
1992). In its approval, the FDA recommended that naltrexone also be
used with adjunctive psychosocial therapies for alcoholism.




Naltrexone’s pharmacologic actions are
fairly straightforward. Alcohol is a complex
substance, affecting a number of chemical sys-
tems in the brain. Among other effects, it is
suspected that, when an alcoholic imbibes, the
brain’s opioid system releases endorphins
triggering reinforcement that entices the
person to drink more (Goldstein 1997;
Naltrexone...1997; O’Brien 1997; O’Malley
1998, Swift 1995).

Unlike earlier drugs used to treat alco-

Naltrexone
is not addictive
and does not react
aversively with
alcohol.

able qualities of alcohol to decrease further
drinking behavior, so a “lapse” does not
progress to a relapse. Naltrexone’s ability to
fulfill those requirements is examined in the
research evidence.

Evidence Selection

The various types of research study
designs may be ranked according to a “hierar-
chy of evidence,” based on their relative
strengths for providing results that are likely to

holism, naltrexone is not addictive and does

not react aversively with alcohol. It blocks

opioid receptors in the brain (it is an antagonist), and this has been
proposed as stemming the endorphin-mediated reinforcing effects of
drinking alcohol. The validity of this concept has been supported by
observations that alcoholics experience increased opioid system
activity in response to alcohol (Herz 1997; Miller 1997).

Some controversy has surrounded the use of naltrexone for
alcoholism (Freed and York, 1997). First, healthcare providers, and
patients themselves, sometimes question the value of using any drug
to treat drug or alcohol addiction. Second, research on the effective-
ness of naltrexone and how best to use it in treating alcoholism has
evolved rapidly during just the past decade and cumulative findings
are not widely known or appreciated.

In this era of managed care and increasing pressures of account-
ability, healthcare providers need credible scientific information for
decision-making purposes in recommending medications such as nal-
trexone. They need to respond authoritatively to questions such as:

e Where did you learn that naltrexone is effective in treating

alcoholism?

e How do you know the information is reliable and valid?

e What results do you expect from using naltrexone?

These questions serve as the foundation of this clinical update
report. The goal is to provide healthcare providers with useful, evi-
dence-based answers.

Treatment Expectations

It has been stressed that both alcoholics and alcohol abusers
need treatment, although the goals may differ. According to the FDA,
“In most cases of alcohol abuse, the goal is to limit drinking, while
for alcoholism, it is to stop drinking altogether” (Kurtzweil 1996).

The immediate goal of most recovery programs is alcohol absti-
nence, yet that is often too strict a standard. According to some stud-
ies, about half of patients experience a relapse to heavy drinking
within 12 weeks of beginning treatment, and up to 90% will relapse
at least once during four years following treatment. (Kurtzweil 1996;
Nathan 1986; Volpicelli et al. 1992).

When sustained abstinence cannot be achieved, other goals,
such as reducing the number, frequency, or severity of relapses could
be of significant clinical value. A great potential benefit of naltrex-
one, in combination with appropriate psychosocial therapy, would be
providing the patient relief from the self-destructive cycle of intoxi-
cation to enhance engagement in treatment and achieve long-term
recovery objectives (Miller 1997, p59).

Volpicelli et al. (1992) have suggested that the ideal pharmaco-
logical agent for use in alcoholism treatment would, first, decrease
alcohol craving and reduce the initial motivation to drink. Second, if
drinking does occur, the agent should block the reinforcing or desir-

be valid and free of bias. Randomized con-

trolled clinical trials (RCTs) are considered by
many as the “gold standard” when addressing questions of a drug’s
therapeutic efficacy (Guyatt and Drummond 1993; Sackett et al.
1997), and are the focus of this report.

Naltrexone Clinical RCTs

Through year 2001 there were 14 clinical RCTs to assess the
effectiveness of naltrexone for treating alcoholism, enrolling 2127
subjects, and conducted in five countries.

Table 1 presents summaries of those trials. For some of the ear-
lier studies, multiple published articles have discussed data from the
same treatment population and are grouped together. Unless noted
otherwise, all of the RCTs reported in Table 1 had the following char-
acteristics in common:

e Subjects met criteria for alcohol dependence according to the
Diagnostic and Statistical Manual of Mental Disorders 3rd or
4th editions (DSM 1987, 1994), had a recent history of alcohol
intoxication, and were between 18 and 65 years of age.

o Subjects were excluded if they had significant liver disease, a
psychiatric diagnosis beyond alcohol dependence that was being
treated with psychotropic medication, or substance abuse (other
than alcohol and excluding nicotine or occasional marijuana use).
Pregnant women or those likely to become pregnant while on
naltrexone also were excluded.

e Subjects were withdrawn (detoxified) from alcohol and abstinent
for a period of time prior to administration of study medication.
An exception was the RCT by Heinala et al. (2001), in which
prior alcohol abstinence was not required.

e Subjects were randomly assigned to treatment groups and there
were no significant demographic differences between groups at
the start.

e Naltrexone (NTX) was compared to an identical-appearing inert
substance (placebo, PBO). The naltrexone dose was equivalent to
50 mg/day, except in the study by Monterosso et al. (2001;

100 mg/day).

e Neither subjects nor investigators knew if NTX or PBO was

being taken (double-blind).

Outcome Measures

Table 1 shows seven outcome measures used to compare the
efficacy of naltrexone with placebo. The first two — abstinence and
time to first drink — portray alcohol avoidance during the respective
trial.

The next four are alcohol consumption outcomes in those sub-
jects who were not abstinent: number of drinking days, drinks per
drinking day, relapse rate, and days of heavy drinking. In most stud-




Table 1: RCTs (Randomized, Controlled Clinical Trials) — Naltrexone (NTX) vs Placebo (PBO)

NTX Efficacy Outcomes
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O'Malley etal. 1992, | 97 | 12wk | CSTvs ST | NS ++ + ++ + CST had the significant effects on all outcomes, and
1996a, 1996b; Jaffe results were better in trial completers. During a 24 wk
etal. 1_996. _ off-tx followup, NTX group had fewer heavy drinking days
USA-single site. and fewer redeveloped the full syndrome of alcoholism.
Volpicelli et al. 1992, | 70 | 12 wk TAU NS + ++ ++4+ | NTX had greatest effect in decreasing subsequent drink-
1995b. ing once drinking occurred. Besides reducing relapse
USA-single site. rate, NTX significantly increased the time to relapse.
Volpicelli et al.1995a, | 99 | 12 wk TAU NS + + ++ | NTXreduced the risk of excessive drinking in the event
O’Brien et al. 1996. of a slip. (Some subjects in this study overlap with those
USA-single site. in the earlier report by Volpicelli et al. 1992.)
Balldin et al. 1997, 120 | 24wk | CSTvs ST | NS NS + + + Effects seen only in the NTX/CST group, and persisted
Bergland 1997, during 24 wk off-treatment follow-up period. ST was
Mansson et al. 1999. described as Treatment As Usual by the authors and
Sweden-multisite. was abstinence-oriented.
Oslin et al. 1997. 44 | 12 wk ST NS NS + NS NS | Studied older men (mean age 58 years). Relapse was 20%
USA-single site. less in NTX group, but was NS. NTX significantly reduced
relapse progression in subjects sampling any alcohol.
Volpicelli et al. 1997. | 97 | 12 wk CST NS + + NS Outcomes are expressed for study completers; ITT
USA-single site. analyses demonstrated weaker effects of NTX. Subjective
“high” associated with drinking was reduced by NTX.
Anton et al. 1999, 131 | 12wk CST NS NS + ++ + NS For those who drank, NTX significantly increased number
2001. of days between episodes. By the end of a 14-wk off-tx
USA-single site. followup period, significant benefits of NTX had faded.
Chick et al. 2000. 175 | 12 wk TAU NS NS NS + ++4 | Outcomes are expressed for completing & compliant
UK-multisite. subjects. Only craving remained significant in ITT analysis
Kranzler et al. 2000. | 124 | 12 wk CST NS | NS | NS | NS | NS NTX-compliant patients had better outcomes, but these
USA-single site. were NS compared with PBO. Only study in which reten-
tion and compliance were significantly lower in NTX group
Heinala etal. 2001. | 121 | 12wk | CSTvs ST | NS NS ++ NTX/CST had the primary effect. There was a 20 wk
Finland-single site. followup using NTX on a “targeted” basis, during which
reduced relapse rates persisted in NTX/CST group.
Monterosso et al. 183 | 12 wk TAU + + NTX dose was 100 mg/day (50 mg BID). NTX was
2001. associated with significantly less clinical deterioration.
USA-single site. Positive NTX effects were associated with higher initial
craving and a greater family history of alcoholism.
Monti et al. 2001. 128 | 12wk | CSTvs ST NS + NS + + More significant effects seen in patients compliant with
USA-single site. medication and in the CST group. Compliant patients
also had fewer relapses, but was NS. Beneficial NTX
effects faded during off-tx followup at 6 and 12 months.
Morris et al. 2001. 11| 12 wk CST NS NS ++ | ++ Outcomes are for study completers. ITT analysis for re-
Australia-single site. lapse was NS, but time to relapse was highly significant.
Krystal et al. 2001. 627 |13 wk & ST NS NS NS NTX tx was either 13 wk or 52 wk vs PBO 52 wks. ITT
USA-multisite. 52 wk analyses shown; however, in all groups, more compli-

ant subjects and those attending more therapy or AA
sessions had better outcomes.

*Multiple analyses of the same patient population are grouped together as one study. NTX dose = 50 mg/day, except Monterosso et al. 2001.

Psychosocial Therapy: CST = Coping Skills (relapse prevention) Therapy; ST = Supportive (abstinence-oriented) Therapy; TAU = Treatment As Usual or “standard therapy.”
Outcomes: Favoring NTX: + - p< 0.05; ++ - p< 0.01. NS = No Significant Difference (equivalent). Blank means the outcome was not reported in the study.

Abbreviations: NTX = naltrexone; PBO = placebo; wk = week; ITT = intention-to-treat (includes dropouts & noncompliers); tx = treatment.




ies, relapse was defined as having 5 or more drinks on any single
occasion for men and 4 or more drinks for women, or drinking 5 or
more days within one week, or attending a treatment session intoxi-
cated. “Heavy” drinking was commonly defined as more than five
drinks, which would make this measure equivalent to a relapse day.

Finally, nine studies evaluated craving, although this was vari-
ously defined by investigators using different assessment instruments
to arrive at a patient-determined score. Often, craving at the beginning
of treatment was compared with craving at end of treatment to note
differences.

Unfortunately, there is no standard set of efficacy outcome mea-
sures used in all studies. Blank boxes in Table 1 indicate those mea-
sures not mentioned in the respective published RCT reports.

Adjunctive Psychosocial Therapy
Researchers have paired naltrexone and placebo with different
psychosocial therapies to compare the combined efficacy. Table 1
indicates three general types that have been variously described and
used:
Supportive Therapy (ST) — focuses on abstinence from alco-
hol, without teaching specific coping skills to avoid relapse. ST
may be 12-step oriented and include encouragement to attend
Alcoholics Anonymous meetings.
Coping SKills Therapy (CST) — also called relapse prevention
therapy or cognitive behavioral therapy (CBT) — teaches
patients ways of dealing with situations and feelings that pro-
voke a return to drinking, and how to keep a drink (“slip”) from
leading to a relapse.
Therapy As Usual (TAU) — is the “Standard Therapy” at the
particular study center and may mix components of CST and/or
ST modalities. If it could be determined that TAU seemed slant-
ed toward either supportive or coping skills therapy, the psy-
chosocial therapy was respectively coded ST or CST in Table 1.
Research teams appeared to modify psychosocial approaches
based on their clinical experience, so there may have been some dif-
ferences in how the same type of therapy was structured in various
RCTs. For the two multisite RCTs, there also is the question of
whether the same therapy was delivered consistently at various loca-
tions by different therapists.

Summary of RCT Results
Drinking QOutcomes

Outcome values in Table 1 are denoted in terms of the statisti-
cal significance of data comparing naltrexone with placebo (see side-
box on “Significance”). Thus, on each particular measure, the effects
of naltrexone were either comparable to placebo (NS or nonsignifi-
cant), of significant advantage (+), or very significantly beneficial
(++). In no case was naltrexone of less benefit than placebo.

Figure 1 graphically summarizes the advantages of naltrexone
relative to placebo. It represents for each outcome an averaging of
results across all RCTs that reported the measure.

Naltrexone does not appear to exert an influence compared with
placebo on maintaining abstinence or in postponing the first drink in
those patients who cannot avoid alcohol. However, there is clear and
consistent evidence that naltrexone is significantly beneficial in help-
ing those patients who cannot remain abstinent to reduce their drink-
ing behaviors. They drink less often and in lower quantities, avoid-
ing full-blown relapse.

Volpicelli et al. (1992) reported that naltrexone appeared to be
most effective in decreasing drinking in subjects who had at least one
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Figure 1: NTX score measures the strength of evidence favoring naltrexone, rep-
resented by averaging efficacy scores for all RCTs in Table 1 that measured the
particular outcome. Points were assigned as: 0 (NS), 1 (+), and 2 (++). Score of 1
or above represents statistically significant advantage of NTX over PBO.

alcohol-sampling episode or “slip.” Whereas, almost all (95%)
placebo-treated subjects who slipped proceeded to relapse, those tak-
ing naltrexone typically drank less during a slip and only half of them
actually relapsed to heavy drinking.

Volpicelli and colleagues (1995a, 1995b) also observed that nal-
trexone-treated subjects reported that the subjective “high” or eupho-

The Significance of “Significance”

The RCTs evaluated for this report compared naltrexone with placebo
on each particular outcome measure studied to determine superiority of
one over the other. Statistical analyses were used by the researchers to
evaluate and quantify the significance of any differences, with a stan-
dard cut-off point for significance of p < 0.05 (designated ‘+’ in Table 1).

Probability- or p-values are considered in this report as a relative indi-
cator of effect size and strength. In a broad sense, a p < 0.05 means
that the observed benefit for naltrexone on the particular outcome mea-
sure is large enough to be considered a true and “significant” advan-
tage; that there is less than a 5% probability that the effect occurred
merely due to chance. Put another way, with a p-value of 0.05 or less
there is at least a 95% certainty that the observed effect is “real” and
valid, rather than being merely a coincidence.

Probability-values less than 0.01 (designated ‘++ in Table 1) suggest
the effect favoring naltrexone is even stronger. There is 99% certainty
the effect is not due to chance.

Conversely, any p-value greater than the 5% cut-off point (e.g., p =
0.06), suggests that differences between groups may be due merely to
chance and are not statistically significant (designated NS in Table 1).
In essence, the effect of naltrexone, although possibly appearing to be
favorable in terms of absolute value, must be considered as no better
than placebo on the particular measure.

Hypothetically, it is possible to have negative effects; that is, naltrexone
producing worse results than those observed in the placebo group.
However, this was not observed in any of the clinical RCTs to date.

Also, it is important to note that an outcome may not be statistically sig-
nificant but still have clinical significance. For example, due to study lim-
itations or variability in results, an overall 20% reduction in relapse rate
associated with naltrexone may not reach statistical significance (as in
the study by Oslin et al. 1997). However, this still can be clinically valu-
able by preventing full-blown relapse in one additional patient for every
five treated with naltrexone.
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Figure 2: Progressive proportions of patients without relapse — “survival
analysis” — for NTX vs PBO groups, significantly favoring NTX (data from
Volpicelli et al. 1995a).

ria produced by alcohol was significantly less than usual. This is con-
sistent with naltrexone’s action in blocking opioid receptors and
diminishing pleasurable effects associated with alcohol drinking.

Besides reducing overall relapse rates, naltrexone also appears
to significantly prolong the relapse-free time in those who eventual-
ly do relapse. Figure 2 depicts the typical relationship plotted over
time, called a “survival curve,” comparing naltrexone with placebo
(Morris et al. 2001, Volpielli et al. 1995a).

Furthermore, Anton et al. (1999) found that naltrexone effec-
tively doubled the time between a first relapse (or heavy drinking
day) and a second such episode. Taken together, naltrexones effects
in stemming relapse to heavy drinking allow more quality time for
psychosocial therapy to be productive.

Alcohol Craving

Alcohol craving was measured and reported in 9 of 14 RCTs. As
Figure 1 indicates, naltrexone therapy quite significantly reduced
craving.

Various researchers have noted that patients with higher initial
craving appear to derive greatest benefit from naltrexone (Jaffe et al.
1996; O’Malley et al. 1992; Monterosso et al. 2001). Volipicelli
(2001) recently observed that naltrexone seems to have an immedi-
ate effect of reducing the urge to drink and this can be very useful in
helping patients focus on other issues besides alcohol craving, espe-
cially during early stages of recovery.

There is the question of why this reduced craving effect did not
enhance abstinence in the RCTs. First, craving may be but one drive
motivating drinking. Second, heavy drinking may itself induce crav-
ing and, since naltrexone-group patients drank less often and in
lower quantities, this helps explain their lower craving scores but
only equivalent abstinence compared with placebo-treated subjects
(Chick et al. 2000).

Impact of Psychosocial Therapy

RCT results suggest that the efficacy of naltrexone can be
dependent on the type of psychosocial therapy with which it is
paired. As Table 1 demonstrates, supportive, abstinence-oriented,
therapy (ST) was largely ineffective in conjunction with naltrexone
on any outcome measures, with the single exception of the trial by
Oslin et al. (1997) in older patients.

Oslin and colleagues found naltrexone significantly effective in
reducing the extent of drinking and progression to relapse in subjects
sampling alcohol. This was unlikely related to the supportive psy-

chosocial therapy, since its goal was to avoid any drinking at all.

In general, coping skills therapy (CST), emphasizing relapse-
prevention strategies, proved much more effective than supportive
therapy in achieving positive outcomes associated with naltrexone.
“Treatment as usual” (TAU) therapies also were effective, and
observed primarily in three investigations at University of
Pennsylvania treatment centers (Volpicelli et al. 1992, 1995a;
Monterosso et al. 2001). The approach here emphasized support of
abstinence, including participation in group therapy stressing moti-
vational enhancement, relapse prevention skills, and compliance
with the medication regimen. Therapy was customized to patient
needs and seemed to benefit from a synergism of the best that sup-
portive and coping skills therapy might offer individually.

Contrary Evidence

Only 2 of 14 RCTs to date have failed to demonstrate signifi-
cantly favorable effects of naltrexone: Kranzler et al. 2000 and, most
recently, Krystal et al. 2001.

Krystal and colleagues raised doubts about the utility of nal-
trexone in older patients with chronic, severe alcohol dependence.
They studied a population of men averaging 49 years of age and 20
years of heavy drinking. However, their findings conflict with other
RCTs, involving almost identical populations of older males with
long drinking histories, which reported significantly favorable
results for naltrexone in terms of relapse, frequency of drinking, and
quantity of alcohol consumed (Morris et al. 2001; Oslin et al. 1997).

A critical factor in the RCT by Krystal et al. was the adjunctive
use of strictly abstinence-based therapy focusing on 12-step facilita-
tion counseling. In prior research, this was not found to be effective
in combination with naltrexone. Still, these researchers did observe
that naltrexone treatment extended the time to relapse by nearly 70%
and this might have been a significant benefit clinically. A survival
analysis of the sort shown in Figure 2 was not reported.

Finally, the Krystal et al. trial was conducted at 15 Veterans
Affairs medical centers, so the quantity, quality, and consistency of
psychosocial therapy across treatment centers is questionable. This
intersite variability combined with relatively small numbers of
patients at each center might have led to reduced effect sizes.

This phenomenon also was evident in a multisite RCT by Chick
et al. (2000) in which psychosocial therapy reportedly varied widely
by center and naltrexone benefits were most significant for those
patients staying in treatment and taking medication. In their trial,
Krystal et al. did not report on the subgroup of completing and com-
pliant patients.

The earlier Kranzler et al. (2001) trial, was the only RCT to date
in which naltrexone-treated patients exhibited significantly less med-
ication compliance and more study withdrawals than the placebo
group. In all other trials reporting the measures, naltrexone treatment
was associated with greater or equivalent compliance and retention
compared with placebo.

Also in contrast to other RCTs, Kranzler and colleagues report-
ed significantly more side effects with naltrexone, primarily gas-
trointestinal-related (eg, nausea, vomiting, diarrhea). They observed
that subjects with more GI complaints pretreatment were more sus-
ceptible to subsequent GI symptoms when treated with naltrexone,
resulting in less medication compliance and, eventually, early with-
drawal from the study. Patients who were able to tolerate naltrexone
had better outcomes, but the trends were not statistically significant.

Although standard inclusion/ exclusion criteria were used for
subject selection by Kranzler et al., they reported enrolling 183 of




194 persons recruited (94%). and alcohol craving.
This is an unusually high accep- Table 2: Summary of Demographic Data It should be noted that
tance rate and it is possible that Total: 14 RCTs, 2127 Subjects advantages of naltrexone are
the study population was biased also based on its specific nature,
M No.* | Mean** R
in some way, resulting in a easure 0- ean ange rather than simply study reten-
greater proportion of subjects | Males 14 84% 71% - 100% | tion and/or medication compli-
with predispositions to adverse ance. As Litten and Allen (1998)
reactions when taking psychoac- Age (years) 13 445 39-58 have observed, in most RCTs,
tive medications. For example, a | Married 12 42% 16% - 73% | patients do better with naltrex-
separate arm of this trial investi- o o/ _ Ao one than placebo-treated sub-
gated possible benefits of nefa- Employed 9 62% 27% - 84% jects who are equally retained
zodone, an antidepressant, and | Years Drinking 7 21 15-30 and compliant.
also observed significant increas- [ s per Day Prior 7 12 10-135
es in side effects in that group. Long-Term Efficacy
On the basis of these two | Study Retention 12 Six of 14 RCTs examined
trials, anyf tcvileﬁcienc.ies of najltreiX- Naltrexone 72% 41% - 91% | long-term effects of naltrexone
one’s efficacy in particular during followup periods ranging
patient populations cannot be Placebo 70% 42% -91% | from 14 to 40 weeks after the
concluded. Medication Compliance*** | 10 end of drug treatment (ie, off-
o o, _ QRO treatment). Results suggest that
Interacting Factors Naltrexone 66% 32% - 98% | Laltrexone is cffective as long as
The efficacy of naltrexone in Placebo 64% 31%-98% | it is taken, but benefits begin
treating alcoholism has been fading once the medication is
demonstrated across a range of | *Number of studies reporting the measure. **Based on averages across | terminated (see Table 1 “Notes”
treatment programs, internation- | Studies. ***Compliance is variously defined across studies. — Anton et al. 1999; Heinala

ally, using differing psychosocial
therapies, and in diverse patient populations. Table 2 summarizes
demographic data for all RCT participants.

It should be noted, that RCTs to date have focused on males
between 39 and 58 years of age, on average. Other factors also may
interact to influence efficacy outcomes.

Importance of Retention/ Compliance

Naltrexone appears to be especially effective for patients who
stay in treatment and comply with medication regimens (Chick et al.
2000; Monti et al. 2001; O’Brien et al. 1996; O’Malley et al. 1992;
Volpicelli et al. 1997). As Table 2 shows, naltrexone was associated
with slightly greater retention and compliance than placebo,
although this trend was not statistically significant and there was a
wide range across studies.

Most RCTs reported “intention-to-treat” (ITT) analyses that
included data from a// patients, whether or not they remained in the
study or took their medication. This tends to understate medication
efficacy and might have occurred, for example, in the Oslin et al.
(1997) trial. There was very low treatment compliance (less than a
third of patients in either group) and consequently few significant
benefits of naltrexone were reported in the ITT analysis. (Oslin and
colleagues also used an unusual dosing schedule: every other day —
100, 100, 150 mg — considered equivalent to 50 mg/day).

Four of the naltrexone RCTs — Chick et al. 2000; Morris et al.
2001; O’Malley et al.; 1992; Volpicelli et al. 1997 — reported analyses
focusing on patients who completed the trials and were compliant
with medication regimens. These analyses, known as “per protocol,”
demonstrated significant effects of naltrexone and are reflected in
Table 1.

This apparently did not slant the summarization of outcomes in
this report, since a recent meta-analysis by Streeton and Whelan
(2001) using only ITT data reached the same conclusions as present-
ed above in figure 1. That is, naltrexone significantly improves out-
comes in terms of alcohol consumption, relapse to heavy drinking,

2001; Krystal et al. 2001; Monti
et al. 2001; O’Malley et al. 1996a; Mansson et al. 1999).

Some researchers have recommended a minimum of six months
treatment with naltrexone (Naltrexone...1997; Volpicelli 2001). It
also has been proposed that, following a course of daily treatment,
naltrexone can be useful on an as-needed or short-term basis; using
the drug during high-risk periods or after a resumption of drinking
following successful abstinence (O’Malley 1998; Volpicelli 2001).

In their RCT, Heinala et al. (2001) included a 20 week “target-
ed” naltrexone period following daily dosing. Subjects were instruct-
ed to take naltrexone only when craving alcohol and/or drinking was
likely. This intervention was of significant benefit in warding off
relapse. Others have reported using this targeted-naltrexone
approach effectively in reducing all measures of alcohol consump-
tion (Kranzler et al. 1997).

Naltrexone Dose

Most research on naltrexone for alcoholism has used a 50
mg/day dosing schedule. This is comparable to daily naltrexone
doses used for opioid-abstinence therapy, and is believed to be opti-
mal for opiate-receptor blockade (Saitz and O’Malley 1997).

Individualized dosing regimens have been investigated and rec-
ommended for selected patients, ranging from 12.5 mg/day to 150
mg/day (Croop et al. 1997, O’Malley 1998; Saitz and O’Malley
1997). Lower doses are sometimes initiated to minimize potential
side effects and then gradually increased.

In the RCT by Monti et al. (2001), patients were started at 25
mg/day for the first two days and then given 25 mg twice daily.
Although the authors did not report on adverse events, minimization
of side effects with this dosing schedule might have contributed to an
unusually high naltrexone-group retention rate (91%) in this trial.

Current thinking is that doses of 100 mg/day up to 150 mg/day
can be safely and effectively used in many patients (Volpicelli 2001).
Monterosso et al. (2001) administered 100 mg/day (50 mg BID) in
their RCT, and retention/compliance rates were well above average.




Naltrexone in Dual-Diagnosed
Patients

RCTs reviewed in this report primarily
included subjects without substantial psychi-
atric comorbidity, yet such disorders are com-
mon in alcoholics (Bowden 1997; Khantzian
1997). An exception was the trial by Morris et
al. (2001), in which more than half of subjects
had psychiatric diagnoses concurrent with
alcoholism. These researchers observed that
significant benefits of naltrexone were inde-
pendent of such coexisting disorders.

In an observational study (non-RCT),
Salloum (1998) evaluated naltrexone in
depressed alcoholics who had failed to abstain

Naltrexone
appears to break
the vicious,
self-destructive
cycle in alcoholics
whereby one drink
to another.

Practice Implications
Consistent with a prior systematic review
of naltrexone trials by the Agency for Health
Care Policy and Research (Garbutt et al.
1999), this present report concludes:
e Randomized controlled trials of naltrexone
in the treatment of alcoholism are recent,
extensive, and of good quality.
e There is good evidence that naltrexone
significantly reduces alcohol relapses, the fre-
quency and quantity of alcohol consumption

in those who do drink, and alcohol craving.
In brief, naltrexone appears to break the

vicious, self-destructive cycle in alcoholics
whereby one drink always leads to another.

from alcohol despite treatment with antidepres-

sants. There were significant decreases in alcohol use and in cravings
with naltrexone, plus improvements in depressive symptoms and
overall functioning. Similarly, in a study of mentally ill alcoholic
patients taking multiple psychiatric medications, Maxwell and
Shinderman (2000) found that naltrexone produced a 75% reduction
in alcohol consumption in more than 80% of patients.

Pretreatment Abstinence

Almost all RCTs required alcohol abstinence prior to beginning
naltrexone therapy — ranging from a few days to several weeks. This
may have affected some results, especially time to first drink, reten-
tion, and medication compliance (Streeton and Whelan 2001).

However, Heinala et al. (2001), in Finland, enrolled nonabstinent
subjects. Naltrexone was well-tolerated and significantly reduced
relapse rates, while also achieving above average study-retention
(84%). Further RCTs investigating this approach seem warranted.

Safety Profile

At usual doses, there have not been any reported serious adverse
events directly attributed to naltrexone in the treatment of alcoholism
(Highlights... 2000). Overall, RCTs to date have demonstrated that
the incidence of subjects reporting side effects or discontinuing from
naltrexone treatment due to such effects was roughly equivalent to
placebo (Streeton and Whelan 2001).

Naltrexone has been associated with increased nausea and vom-
iting. Less common side effects include headache, dizziness, fatigue,
or insomnia. These effects are usually mild, often single occurrences,
and resolve soon after dose stabilization (Lynch et al. 1998;
Naltrexone... 1997; O’Malley et al. 1992; Salloum et al. 1998,
Volpicelli et al. 1992).

Naltrexone undergoes first-pass metabolism in the liver,
although it does not interact with the P450 enzyme system
(Naltrexone... 1997). Product literature specifies that naltrexone is
contraindicated in patients with acute hepatitis or liver failure
(DEPADE" 2000; ReVia® 1997), and liver function monitoring is
recommended in some cases (O’Malley 1998).

However, in the absence of preexisting hepatic dysfunction, nal-
trexone at doses up to 200 mg/day has not been associated with liver
damage (Croop et al. 1997; Marrazzi et al. 1997). In some studies,
naltrexone-treated patients experienced an improvement in liver
enzyme values (Volpicelli et al. 1992; Volpicelli 2001), most likely
associated with abstinence or reduced alcohol consumption.

Harm Reduction Strategy

Just as with the medication management of other serious chron-
ic illness, a more pragmatic strategy, using naltrexone, seeks to
induce remissions when possible, limit relapses, slow deterioration,
and support patients in improving their quality of life (Olson and
Willenbring 1999).

This approach is known as “clinical harm reduction,” to distin-
guish it from the “abstinence-or-fail” outlooks of other alcoholism
treatments (Freed and York 1997). According to the evidence
reviewed in this report, naltrexone can be an important adjunct in
fostering harm-reduction as a component of alcoholism-recovery
goals, including eventual sustained abstinence.

Clinical Action Steps
Treatment plans using naltrexone ideally respond to individual

patient needs. In that regard, practitioners may want to consider the

following evidence-based conclusions:

1. Naltrexone is effective in a variety of alcoholism-treatment set-
tings where motivation to stay in treatment, avoid relapses to
heavy drinking, and take medications is supported by appropri-
ate psychosocial therapy.

2. Naltrexone may be especially useful in repeat alcohol relapsers,
by reducing the frequency and scope of drinking episodes to
allow continued progress toward recovery goals.

3. Individualized naltrexone dosing regimens can be of benefit;
possibly, starting at lower doses and titrating upward.

4. Alcohol abstinence prior to initiating naltrexone therapy may
not be necessary in all cases.

5. Extended daily use of naltrexone may be helpful: longer-term
therapy (6 to 9 months) can be more effective than short-term (3
months).

6. Following daily therapy, naltrexone might be used on an as-
needed, “targeted,” basis indefinitely.

Research results require careful consideration. Statistical signif-
icance of outcomes is important but can be misleading, for even
small improvements can be clinically and socially significant when
each percentage point may represent thousands of lives benefitted.
As Enoch Gordis, MD, former Director of the National Institute on
Alcohol Abuse and Alcoholism (NIAAA), once observed, “While
not a ‘magic bullet,” naltrexone promises to help many patients
in their struggle against chronic relapsing disease”
(Naltrexone...1995).
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Kinetics of a naltrexone sustained-release preparation

A biodegraduble sustained-release nalirexone bead preparation containing 70% naltrexone in a
physical mixture with a copolymer of 90% lactic acid and 10% glycolic acid was evaluated in
three male subjecis. Each subject received a 10-mg iv dose of naltrexone HCl and a 63-mg dose
by subcutaneous implantation of naltrexone beads, Kinetics of naltrexone estimaied from the
intravenous dose indicated a plasma clearance range of 3.1 to 3.4 l/min and a 1%: range of 1.7
o 3.7 hr, After bead implantation, average plasma naltrexone levels were maintained at 0.3 1o
0.4 ng/ml and naltrexol levels were at 0.4 to 1.0 ng/ml for a period of approximalely I mo,
during which urine naltrexone and nalirexol levels were abour 20 to 30 and 70 to 200 ng/ml. Ii
was estimared that approximately 70% to 77% of the dose was absorbed after bead

implantation. There were no serious adverse effects other than tissue irritation in two of the

three subjects.

C. N. Chiang, Ph.D., L. E. Hollister, M.D., Akiri Kishimoto, M.D., and
G. Barnett, Ph.D.* Rockville, Md., and Palo Alio, Calif.
Division of Preclinical Research, National Institure on Drug Abuse, Rockville, and Veterans

Administration Hospital, Palo Alro

Naltrexone, a safe and potent long-acting
narcotic antagonist,” ¢ is currently under clini-
cal investigation for the treatment of narcotic
addiction. Because of the need for long-term
treatment in drug addiction and the problem of
patient compliance, a sustained-release prep-
aration that blocks narcotic effects for about a
month will have an advantage over current oral
preparations, which require dosing daily or
three times a week.® One of the dosage forms
developed,” biodegradable beads containing
naltrexone, has been shown in animals to re-
lease naltrexone and provide pharmacologic ac-

Supported by National Institute on Drug Abuse Grant No. DA-
(0424 and Conrract Nos. 271-81-3802 and 271-82-3900.

Received for publication June 22, 1984; accepted Aug. 9, 1984,

Reprint requests to: C. N. Chiang, Division of Preclinical Re-
search, National Institute on Drug Abuse, Rockville, MD 20857.

*Present address; Lab y of Math ical Biology, National
Cancer Instituie, Bethesda, MD 20205

704

tivity for 1 mo.* ® We report a preliminary
evaluation of naltrexone beads in man. Since
the effect of narcotic antagonism was shown to
correlate with plasma naltrexone levels in
man,'? a kinetic study was performed to charac-
terize plasma and urine levels of naltrexone and
its metabolite naltrexol after subcutaneous im-
plantation of naltrexone beads in man.

Methods

Naltrexone beads and naltrexone HCI (10
mg/ml) solution were provided by the National
Institute on Drug Abuse. The naltrexone bead is
a solid solution sphere, 1.5 mm in diameter and
3.0 mg in weight, composed of 70% naltrexone
in a physical blend with a copolymer of 90%
L(+)-lactic acid and 10% glycolic acid. Our
subjects were three normal healthy men aged 20
to 37 yr who were given an intravenous injec-
tion of 10 mg (1 ml) naltrexone and a subcuta-
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neous implant in the interscapular area of 63 mg
(30 beads) naltrexone. There was at least a 1-wk
period between treatments. For the intravenous
dose, blood samples were drawn 0, 0.25, 0.5,
0.75, 1, 1.5, 2, 3,4, 6, 8, 10, 12, and 24 hr
after dosing. Urine samples were collected for 1
day. After bead implantation, blood samples
were drawn approximately 0, 4, 8, 12, and 24
hr after dosing on the first day, daily during the
first week, every other day during the second
week, and every third day during the third and
fourth weeks. Urine samples were collected
daily throughout 4 wk. Beads were surgically
removed from the implant site approximately a
month after they were implanted. During the
study, subjects kept a diary to record any effects
that might be attributable to the treatment.

Naltrexone and naltrexol concentrations in
plasma and urine samples were quantitated by
gas chromatography/mass spectrometry (GC-
MS) with Hg-naltrexone and 2H,-naltrexol as
internal standards.’ Samples were extracted and
derivatized with 2% methoxyamine HCl and
pentafluoropropionic anhydride to form the
methoxime Dbis-pentafluoropropionate deriva-
tive of naltrexone and the tris-pentafiuoropro-
pionate derivative of naltrexol. The derivatives
were then analyzed by means of capillary col-
umn gas chromatography coupled to a Finnegan
4500 mass spectrometer operated in the nega-
tive ion chemical ionization mode. Assay sen-
sitivity was 0.1 ng/ml for naltrexone and nal-
trexol. The naltrexone content in the beads re-
moved from each subject was analyzed by GC
or HPLC .2

Results

Representative plasma levels of naltrexone
and naltrexol after an intravenous dose of nal-
trexone are shown in Fig. | for Subject J. Nal-
trexone levels declined biexponentially and fell
to levels below assay sensitivity at 24 hr. Nal-
trexol levels peaked within 1 hr and then de-
clined at a slower rate than the parent drug.
Individual plasma data analyzed by nonpara-
metric kinetics are listed in Table I. The termi-
nal phase t'2 for naltrexone is 1.7 to 3.7 hr,
Plasma naltrexone clearance (calculated as dose
divided by AUC) was 3.1 to 3.4 //min. Maxi-
mum naltrexol plasma levels were reached with-

Sustained-release naltrexone 705

Plasma Concentration (ng/ml)

Time (houra)

Fig. 1. Plasma concentration—time curves for Sub-
ject J. after naltrexone, 10 mg iv, for naltrexone (<)
and naltrexol (2).

in an hour by all subjects. Maximum metabolite
plasma levels ranged from 7 to 24 ng/ml and the
AUC through 24 hr ranged from 67 to 148 ng/
ml - hr. Approximately 1% to 2% of the dose
was excreted as naltrexone in urine in 24 hr.
Plasma levels of naltrexone and naltrexol
after subcutaneous implantation of a 63-mg
dose of naltrexone beads are shown in Fig, 2 for
Subject J. Naltrexone levels were highest on the
first day and then fell to relatively constant
levels of 0.2 to 0.4 ng/ml from day 2 through
day 31 or the end of the experiment. Naltrexol
plasma levels were higher than naltrexone
levels and fluctuated at 0.2 to 0.7 ng/ml. The
other two subjects also had higher naltrexone
and naltrexol plasma levels on the first day, fol-
lowed by relatively constant values for both
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300+
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Clin. Pharmaced, Ther.
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Day

Fig. 2. Plasma concentration—time curve (borram) and urine concentration—time curve (top) for
Subject J. after naltrexone bead implantation for naltrexone (o) and naltrexol (4).

Table 1. Naltrexone and naltrexol kinetics after a 10-mg intravenous dose of naltrexone

Naltrexone Naltrexol
¥ AUC Clp G Bis AUCq 200
Subject (hir) (ngiml - hr) {l/min) {ng/ml) (hr} (nglml + hr)
I 2.4 51.1 3.26 7.3 0.5 66.7
A, 1.7 49.6 3.36 24.2 0.25 147.4
P 3.7 54.3 3.07 11.0 1.0 95.6

Clp = Plasma clearance; Cpy, = maximum concentration; Ty,

from the second day until the end of the experi-
ment. A representative curve of naltrexone and
naltrexol daily urine levels, which fluctuated
throughout the experiment for all three subjects,
is shown for Subject J. in Fig. 2. Data for all
subjects for both naltrexone and naltrexol are
summarized in Table I1. Plasma levels are re-
ported as the average from day 2 until the end of
the experiment. For the three subjects, average
plasma naltrexone levels are similar (range 0.3
to 0.4 ng/ml), while naltrexol levels varied
(range 0.4 to 1.0 ng/ml). The AUC values, es-
timated by the trapezoidal rule from the begin-
ning until the end of the experiment, were 9.4 to

= time 10 reach Cp,,-

11.0 ng/ml * day for naltrexone and 14 to 24
ng/ml - day for naltrexol. Average urine levels
were 20 to 30 ng/ml for naltrexone and 70 ta
200 ng/ml for naltrexol.

The amount of naltrexone absorbed from
the subcutaneous implants was calculated as
AUC X clearance, where clearance was esti-
mated from the intravenous dose. Naltrexone
kinetics for clearance and terminal phase t'% are
listed in Table I for a dose of 10 mg and are
of the same order as those of 1- and 5-mg
doses.'" ' These findings suggest no apparent
dose-dependent kinetics for naltrexone at these
low doses. As reported in Table I, approxi-
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Table IL. Summarv of experimenial data for naltrexone and naltrexol after insertion

of naltrexone beads

Plasma levels (ng/ml)

AUC (nglml - hr)

Urine levels (ng/ml)

Subject Naltrexone Naltrexol Naltrexone Naltrexol Naltrexone Naltrexol
I 0.26 (0.09)* 0.41 (0.14) 9.4 14.3 29.3 (14.4) 103.2 (57.3)
A 0.41 (0.13)F 1.00 (0.39) 10.1 245 31.6 (14.2) 200.9 (115.6)
P, 0.29 (0.16)% 0.55 (0.26) 11.0 17.4 20.5 (9.9) 70.9 (40.0)

"Standard deviation (in parentheses) ol mean values for 32 days.
TStandard devidtion (in parentheses) of mean values for 23 days.
FStandard deviation (in parentheses) of mean values for 30 days.

Table 1I1. Estimate of percent recovery of naltrexone dose after subcutaneous bead implantation

Duration of

Dose absorbed™ (%) LDose remaining’ (%)

Subject implant (davs) Total (%)
I 32 70 26 96
A. 23 77 — —
P. 30 TR 16 93

*Caleulated as AUC % Clp, where AUC is over days of duration and Clg is from intravenous espeniment (see Table 1)

tFrom analysis of beads removed at end of experiment.

mately 70% to 77% of the implanted dose gets
mto systemic circulation and 16% to 26% of the
dose was recovered from the beads after re-
moval from the subject at the end of the experi-
ment. Approximately 100% of the dose was ac-
counted for in two of the three subjects.

Most subjects were not aware of any change
in mood or general function after implantation
of the beads. In two of the three subjects there
were varying degrees of local irritation at the
site of implantation. In one subject, the beads
were removed after 23 days because they had
started to extrude. Another subject had a
marked inflammatory reaction that became in-
durated but that subsided after the beads were
removed. The high prevalence of local reaction
to the beads may prelude the clinical use of this
particular preparation of beads.

Discussion

Plasma naltrexone levels were maintained at
a relatively constant level for approximately a
month after subcutaneous implantation of beads.
Naltrexone is quickly absorbed after subcutane-
ous injection and shows both high clearance and
a short t¥2."! The persistent and constant plasma
naltrexone levels after bead implantation must
be a result of the slow and relatively constant

release of naltrexone. The high plasma levels on
the first day after dosing is probably because of
an initial “‘burst’” effect such as was also seen
in monkeys.”

Naltrexone is eliminated mainly by metabo-
lism, primarily conjugation and oxidation. Be-
cause of extensive first-pass metabolism, the
bioavailability of an oral naltrexone dose is ap-
proximately 40%'? and the ratio of naltrexol to
naltrexone plasma levels for an oral dose is
higher than those for intravenous and subcuta-
neous doses.'™ * Verebey et al.'® indicate
that plasma naltrexol levels are approximately
1000% those of naltrexone 24 hr after long-
term, chronic, oral dosing, while we find nal-
trexol levels are only 100% to 200% those of
naltrexone after implantation. Although its ac-
tivity in man needs further investigation, this
difference may be important, as naltrexol has
weak narcotic antagonistic activity in animals.®

Nearly complete narcotic antagonism to a
25-mg heroin challenge was reported as long as
48 hr after a 100-mg oral dose of naltrexone, at
which time plasma levels were 2 ng/ml for nal-
trexone and 10 ng/ml for naltrexol; partial an-
tagonism was present at 72 hr.'” Since 25 mg
heroin is a large challenge, a minimum effective
concentration of naltrexone for the treatment of
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opiate addiction may be lower than 1 ng/ml.
The opiate blockade effect of naltrexone beads
was related to dose in monkeys trained for mor-
phine self-administration.® The self-administra-
tion of morphine was not affected by the beads
at a dose of 1 mg/kg, was partially blocked at 3
mg/kg, and was completely blocked above 5
mg/kg. For a dose of 10 mg/kg, naltrexone
plasma levels are approximately 2 ng/ml.®
Since linear naltrexone Kinetics are observed,’
naltrexone levels after a 5-mg/kg dose would be
I ng/ml, suggesting that the minimum effective
concentration for blocking morphine in mon-
keys is approximately 1 ng/ml. This is of the
order of magnitude of naltrexone plasma levels
in man after chronic oral dosing.

Since an estimated minimum effective dose
was used for preliminary assessment of the ki-
netics of this dosage form in man, it is clear that
this dosage form is capable of maintaining con-
stant naltrexone levels over a |-mo period. A
pharmacologic evaluation is currently under-
way, and preliminary results indicate that the
opiate effect of a 15-mg morphine intravenous
injection was blocked by the beads 1 wk after
implantation.

We thank Dr. Foltz and Mr. Chinn for analyses of
plasma and urine samples and Mr. Kenneth Davis for
analyses of beads.
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Kinetics of a naltrexone sustained-release preparation

A biodegraduble sustained-release nalirexone bead preparation containing 70% naltrexone in a
physical mixture with a copolymer of 90% lactic acid and 10% glycolic acid was evaluated in
three male subjecis. Each subject received a 10-mg iv dose of naltrexone HCl and a 63-mg dose
by subcutaneous implantation of naltrexone beads, Kinetics of naltrexone estimaied from the
intravenous dose indicated a plasma clearance range of 3.1 to 3.4 l/min and a 1%: range of 1.7
o 3.7 hr, After bead implantation, average plasma naltrexone levels were maintained at 0.3 1o
0.4 ng/ml and naltrexol levels were at 0.4 to 1.0 ng/ml for a period of approximalely I mo,
during which urine naltrexone and nalirexol levels were abour 20 to 30 and 70 to 200 ng/ml. Ii
was estimared that approximately 70% to 77% of the dose was absorbed after bead

implantation. There were no serious adverse effects other than tissue irritation in two of the

three subjects.

C. N. Chiang, Ph.D., L. E. Hollister, M.D., Akiri Kishimoto, M.D., and
G. Barnett, Ph.D.* Rockville, Md., and Palo Alio, Calif.
Division of Preclinical Research, National Institure on Drug Abuse, Rockville, and Veterans

Administration Hospital, Palo Alro

Naltrexone, a safe and potent long-acting
narcotic antagonist,” ¢ is currently under clini-
cal investigation for the treatment of narcotic
addiction. Because of the need for long-term
treatment in drug addiction and the problem of
patient compliance, a sustained-release prep-
aration that blocks narcotic effects for about a
month will have an advantage over current oral
preparations, which require dosing daily or
three times a week.® One of the dosage forms
developed,” biodegradable beads containing
naltrexone, has been shown in animals to re-
lease naltrexone and provide pharmacologic ac-
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tivity for 1 mo.* ® We report a preliminary
evaluation of naltrexone beads in man. Since
the effect of narcotic antagonism was shown to
correlate with plasma naltrexone levels in
man,'? a kinetic study was performed to charac-
terize plasma and urine levels of naltrexone and
its metabolite naltrexol after subcutaneous im-
plantation of naltrexone beads in man.

Methods

Naltrexone beads and naltrexone HCI (10
mg/ml) solution were provided by the National
Institute on Drug Abuse. The naltrexone bead is
a solid solution sphere, 1.5 mm in diameter and
3.0 mg in weight, composed of 70% naltrexone
in a physical blend with a copolymer of 90%
L(+)-lactic acid and 10% glycolic acid. Our
subjects were three normal healthy men aged 20
to 37 yr who were given an intravenous injec-
tion of 10 mg (1 ml) naltrexone and a subcuta-
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neous implant in the interscapular area of 63 mg
(30 beads) naltrexone. There was at least a 1-wk
period between treatments. For the intravenous
dose, blood samples were drawn 0, 0.25, 0.5,
0.75, 1, 1.5, 2, 3,4, 6, 8, 10, 12, and 24 hr
after dosing. Urine samples were collected for 1
day. After bead implantation, blood samples
were drawn approximately 0, 4, 8, 12, and 24
hr after dosing on the first day, daily during the
first week, every other day during the second
week, and every third day during the third and
fourth weeks. Urine samples were collected
daily throughout 4 wk. Beads were surgically
removed from the implant site approximately a
month after they were implanted. During the
study, subjects kept a diary to record any effects
that might be attributable to the treatment.

Naltrexone and naltrexol concentrations in
plasma and urine samples were quantitated by
gas chromatography/mass spectrometry (GC-
MS) with Hg-naltrexone and 2H,-naltrexol as
internal standards.’ Samples were extracted and
derivatized with 2% methoxyamine HCl and
pentafluoropropionic anhydride to form the
methoxime Dbis-pentafluoropropionate deriva-
tive of naltrexone and the tris-pentafiuoropro-
pionate derivative of naltrexol. The derivatives
were then analyzed by means of capillary col-
umn gas chromatography coupled to a Finnegan
4500 mass spectrometer operated in the nega-
tive ion chemical ionization mode. Assay sen-
sitivity was 0.1 ng/ml for naltrexone and nal-
trexol. The naltrexone content in the beads re-
moved from each subject was analyzed by GC
or HPLC .2

Results

Representative plasma levels of naltrexone
and naltrexol after an intravenous dose of nal-
trexone are shown in Fig. | for Subject J. Nal-
trexone levels declined biexponentially and fell
to levels below assay sensitivity at 24 hr. Nal-
trexol levels peaked within 1 hr and then de-
clined at a slower rate than the parent drug.
Individual plasma data analyzed by nonpara-
metric kinetics are listed in Table I. The termi-
nal phase t'2 for naltrexone is 1.7 to 3.7 hr,
Plasma naltrexone clearance (calculated as dose
divided by AUC) was 3.1 to 3.4 //min. Maxi-
mum naltrexol plasma levels were reached with-

Sustained-release naltrexone 705

Plasma Concentration (ng/ml)

Time (houra)

Fig. 1. Plasma concentration—time curves for Sub-
ject J. after naltrexone, 10 mg iv, for naltrexone (<)
and naltrexol (2).

in an hour by all subjects. Maximum metabolite
plasma levels ranged from 7 to 24 ng/ml and the
AUC through 24 hr ranged from 67 to 148 ng/
ml - hr. Approximately 1% to 2% of the dose
was excreted as naltrexone in urine in 24 hr.
Plasma levels of naltrexone and naltrexol
after subcutaneous implantation of a 63-mg
dose of naltrexone beads are shown in Fig, 2 for
Subject J. Naltrexone levels were highest on the
first day and then fell to relatively constant
levels of 0.2 to 0.4 ng/ml from day 2 through
day 31 or the end of the experiment. Naltrexol
plasma levels were higher than naltrexone
levels and fluctuated at 0.2 to 0.7 ng/ml. The
other two subjects also had higher naltrexone
and naltrexol plasma levels on the first day, fol-
lowed by relatively constant values for both
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300+

200+

ng/mi

Clin. Pharmaced, Ther.
Navember 1984

ng/mi

0.5+

Day

Fig. 2. Plasma concentration—time curve (borram) and urine concentration—time curve (top) for
Subject J. after naltrexone bead implantation for naltrexone (o) and naltrexol (4).

Table 1. Naltrexone and naltrexol kinetics after a 10-mg intravenous dose of naltrexone

Naltrexone Naltrexol
¥ AUC Clp G Bis AUCq 200
Subject (hir) (ngiml - hr) {l/min) {ng/ml) (hr} (nglml + hr)
I 2.4 51.1 3.26 7.3 0.5 66.7
A, 1.7 49.6 3.36 24.2 0.25 147.4
P 3.7 54.3 3.07 11.0 1.0 95.6

Clp = Plasma clearance; Cpy, = maximum concentration; Ty,

from the second day until the end of the experi-
ment. A representative curve of naltrexone and
naltrexol daily urine levels, which fluctuated
throughout the experiment for all three subjects,
is shown for Subject J. in Fig. 2. Data for all
subjects for both naltrexone and naltrexol are
summarized in Table I1. Plasma levels are re-
ported as the average from day 2 until the end of
the experiment. For the three subjects, average
plasma naltrexone levels are similar (range 0.3
to 0.4 ng/ml), while naltrexol levels varied
(range 0.4 to 1.0 ng/ml). The AUC values, es-
timated by the trapezoidal rule from the begin-
ning until the end of the experiment, were 9.4 to

= time 10 reach Cp,,-

11.0 ng/ml * day for naltrexone and 14 to 24
ng/ml - day for naltrexol. Average urine levels
were 20 to 30 ng/ml for naltrexone and 70 ta
200 ng/ml for naltrexol.

The amount of naltrexone absorbed from
the subcutaneous implants was calculated as
AUC X clearance, where clearance was esti-
mated from the intravenous dose. Naltrexone
kinetics for clearance and terminal phase t'% are
listed in Table I for a dose of 10 mg and are
of the same order as those of 1- and 5-mg
doses.'" ' These findings suggest no apparent
dose-dependent kinetics for naltrexone at these
low doses. As reported in Table I, approxi-
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Table IL. Summarv of experimenial data for naltrexone and naltrexol after insertion

of naltrexone beads

Plasma levels (ng/ml)

AUC (nglml - hr)

Urine levels (ng/ml)

Subject Naltrexone Naltrexol Naltrexone Naltrexol Naltrexone Naltrexol
I 0.26 (0.09)* 0.41 (0.14) 9.4 14.3 29.3 (14.4) 103.2 (57.3)
A 0.41 (0.13)F 1.00 (0.39) 10.1 245 31.6 (14.2) 200.9 (115.6)
P, 0.29 (0.16)% 0.55 (0.26) 11.0 17.4 20.5 (9.9) 70.9 (40.0)

"Standard deviation (in parentheses) ol mean values for 32 days.
TStandard devidtion (in parentheses) of mean values for 23 days.
FStandard deviation (in parentheses) of mean values for 30 days.

Table 1I1. Estimate of percent recovery of naltrexone dose after subcutaneous bead implantation

Duration of

Dose absorbed™ (%) LDose remaining’ (%)

Subject implant (davs) Total (%)
I 32 70 26 96
A. 23 77 — —
P. 30 TR 16 93

*Caleulated as AUC % Clp, where AUC is over days of duration and Clg is from intravenous espeniment (see Table 1)

tFrom analysis of beads removed at end of experiment.

mately 70% to 77% of the implanted dose gets
mto systemic circulation and 16% to 26% of the
dose was recovered from the beads after re-
moval from the subject at the end of the experi-
ment. Approximately 100% of the dose was ac-
counted for in two of the three subjects.

Most subjects were not aware of any change
in mood or general function after implantation
of the beads. In two of the three subjects there
were varying degrees of local irritation at the
site of implantation. In one subject, the beads
were removed after 23 days because they had
started to extrude. Another subject had a
marked inflammatory reaction that became in-
durated but that subsided after the beads were
removed. The high prevalence of local reaction
to the beads may prelude the clinical use of this
particular preparation of beads.

Discussion

Plasma naltrexone levels were maintained at
a relatively constant level for approximately a
month after subcutaneous implantation of beads.
Naltrexone is quickly absorbed after subcutane-
ous injection and shows both high clearance and
a short t¥2."! The persistent and constant plasma
naltrexone levels after bead implantation must
be a result of the slow and relatively constant

release of naltrexone. The high plasma levels on
the first day after dosing is probably because of
an initial “‘burst’” effect such as was also seen
in monkeys.”

Naltrexone is eliminated mainly by metabo-
lism, primarily conjugation and oxidation. Be-
cause of extensive first-pass metabolism, the
bioavailability of an oral naltrexone dose is ap-
proximately 40%'? and the ratio of naltrexol to
naltrexone plasma levels for an oral dose is
higher than those for intravenous and subcuta-
neous doses.'™ * Verebey et al.'® indicate
that plasma naltrexol levels are approximately
1000% those of naltrexone 24 hr after long-
term, chronic, oral dosing, while we find nal-
trexol levels are only 100% to 200% those of
naltrexone after implantation. Although its ac-
tivity in man needs further investigation, this
difference may be important, as naltrexol has
weak narcotic antagonistic activity in animals.®

Nearly complete narcotic antagonism to a
25-mg heroin challenge was reported as long as
48 hr after a 100-mg oral dose of naltrexone, at
which time plasma levels were 2 ng/ml for nal-
trexone and 10 ng/ml for naltrexol; partial an-
tagonism was present at 72 hr.'” Since 25 mg
heroin is a large challenge, a minimum effective
concentration of naltrexone for the treatment of
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opiate addiction may be lower than 1 ng/ml.
The opiate blockade effect of naltrexone beads
was related to dose in monkeys trained for mor-
phine self-administration.® The self-administra-
tion of morphine was not affected by the beads
at a dose of 1 mg/kg, was partially blocked at 3
mg/kg, and was completely blocked above 5
mg/kg. For a dose of 10 mg/kg, naltrexone
plasma levels are approximately 2 ng/ml.®
Since linear naltrexone Kinetics are observed,’
naltrexone levels after a 5-mg/kg dose would be
I ng/ml, suggesting that the minimum effective
concentration for blocking morphine in mon-
keys is approximately 1 ng/ml. This is of the
order of magnitude of naltrexone plasma levels
in man after chronic oral dosing.

Since an estimated minimum effective dose
was used for preliminary assessment of the ki-
netics of this dosage form in man, it is clear that
this dosage form is capable of maintaining con-
stant naltrexone levels over a |-mo period. A
pharmacologic evaluation is currently under-
way, and preliminary results indicate that the
opiate effect of a 15-mg morphine intravenous
injection was blocked by the beads 1 wk after
implantation.

We thank Dr. Foltz and Mr. Chinn for analyses of
plasma and urine samples and Mr. Kenneth Davis for
analyses of beads.
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Naltrexone; Research Monograph 28
R. E. Willette and G. Barnett, eds.
National Institute on Drug Abuse, 1980

Pharmacokinetic
Quantitation of Naltrexone
Release From Several
Sustained-Release Delivery
Systems

R. H. Reuning, S. H. T. Liao, and A. E. Staubus

A method designed to quantitate in vivo naltrexone release
rates from sustained-release systems has been applied to the
evaluation of seven different naltrexone delivery systems in
the monkey. The method consists of two phases: a single in-
travenous bolus dose quantitation of each monkey’s phar-
macokinetic parameters coupled with a delivery system
study in which plasma naltrexone levels are measured
throughout the time period of sustained-release. In vivo re-
lease rates and the total amount released are then calculat-
ed. It should be noted that these determinations require the
analysis of unchanged naltrexone in plasma as the only ex-
perimental measurement. Data from injectable naltrexone
pamoate microcapsule delivery systems indicate that 1)
when these microcapsules are suspended in an agueous ve-
hicle, a significant part of the dose is released very rapidly,
yielding release rate-time data that parallel a non-sus-
tained-release control; 2) this rapid release for the aqueous
vehicle is followed by a slow release phase lasting to about
24 days for the subcutaneous route and to about 45 days for
the intramuscular route; and 8) when these’ microcapsules
are suspended in an oily vehicle there is no initial rapid re-
lease, substantial release rates are obtained for at least 60
days, and an average of 89% of the dose is calculated to
have been released. Data from implantable naltrexone de-
livery systems show that 1) the Alza system most closely ap-
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proximates a zero-order release rate-time profile; 2) the Bat-
telle system provides a rapid initial release followed by a
slowly declining release rate; 3) the Dynatech system is
characterized by a more rapid initial release rate of 8-8% of
the dose per day over the first 3-5 days followed by a rather
constant 1-8% per day to about day 36; and 4}) essentiall

complete recovery of the dose was obtained for the Battelle

and Dynatech systems.

INTRODUCTION

The rationale for developing sustained-release narcotic antago-
nist delivery systems for treatment of opiate addiction has recently
been reviewed (1,2). One phase of a scheme for evaluating these
systems consists of a pharmacokinetic quantitation of drug release
rates in vive (2). The methodology that has been developed for
quantitating naltrexone release in monkeys is characterized by two
phases: 1) calibration of the pharmacokinetics of each individual
monkey from plasma level-time data obtained after an intravenous
bolus dose of naltrexone, and 2) measurement of plasma levels of
unchanged naltrexone over the time period that the sustained-re-
lease system yields measurable concentrations. Data from 1) and 2)
above permit calculation of an in vivo release rate-time profile as
well as the total amount of naltrexone released during the study.

The purpose of this report is to summarize the naltrexone re-
lease data for those delivery systems that have been evaluated
pharmacokinetically in the monkey. In order to obtain an overview
it was necessary to average the release rate data obtained from the
several monkeys utilized in evaluating each delivery system. Also,
data related to the calibration of each monkey’s pharmacokinetic
parameters has been omitted. Both types of data for individual
monkeys will be included in subsequent manuscripts.

EXPERIMENTAL

Delivery Systems

The following seven delivery systems have been evaluated:

I. Naltrexone in a physical blend with 90% (L+)lactic acid-
10% glycolic acid copolymer, spherical beads 1.6 mm in di-
ameter, subcutaneous, Dynatech # 24086;

II. Naltrexone pamoate-poly(lactic acid) microcapsules sus-
pended in 2% aluminum monostearate-peanut oil and in-
jected intramuscularly, Thies # GL-1-6-76-1;
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III. Naltrexone pamoate-poly(lactic acid) microcapsules sus-
pended in a medium consisting of 'water, 2% Tween 20,
0.02% anti-foam silicone and 1:10,000 phemerol and inject-
ed intramuscularly, Thies #GL-1-6-75-1;

IV. Naltrexone pamoate-poly(lactic acid) m1crocapsules sus-
pended in an aqueous medium of 0.1% Tween 80 in Macro-
dex (6% dextran 70 in 5% dextrose/water for injection)
and injected subcutaneously, Thies #GL-~3-9-77-3;

V. Micronized naltrexone pamoate (batch #2M21869-866-16)
suspended in 2% aluminum monostearate-peanut oil and
injected intramuscularly;

VI. Rods-naltrexone and hydrophobic polymer, Chronomer,
Alza, subcutaneous;

VII. Naltrexone 33% in a dipalmitin (75%) - tripalmitin (25%)
mixture, shaped into rods and administered subcutaneous-
ly (Battelle).

These sustained release systems will be referred to by the nu-
merical designation throughout the text. Additional data concern-
ing these delivery systems has been provided by the developers
(2,3). All are intended to be bio- degradable, with systems I, VI and
VII designed for subcutaneous implant and systems II, III and IV
designed for injection. System V was mcluded as a non-sustained-
release control.

Experiments in Monkeys

Each delivery system was administered to 3 or 4 monkeys at a
dose of approximately 10 mg/kg. With the exception of delivery
system VII, these were self-administrating monkeys and were on a
rotating schedule of morphine, methamphetamine and saline self- -
injection. Effects of the naltrexone delivery system on morphine
self-administration were measured as described previously (4) and
will be reported separately. Blood samples were obtained, usually
from a femoral vein, at periodic intervals up to 60 days after ad-
ministration of the sustained release system.

At least several days were allowed to elapse after the delivery
system either was removed or ceased releasing measurable
amounts of naltrexone. Subsequently, a single intravenous bolus
dose of naltrexone (3-5 mg/kg) was administered and periodic blood
samples were obtained for a sufficient time so that the pertinent
. pharmacokinetic parameters of naltrexone could be determined
from the plasma level-time profile.
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DISCUSSION

Injectable Systems

The.in vivo release rate data for the injectable naltrexone deliv-
ery systems are presented in fig. 1. Systems II, IIT and IV differ
mainly in the vehicle used to suspend the microcapsules and in the
route of injection. System V is a non-sustained-release control for-
mulation included for comparative purposes. Comparison of the

curve for sustained release system II (microcapsules suspended in
the oily vehicle and administered intramuscularly) with the curve

for the control formulation, system V (micronized naltrexone pa-
moate suspended in the oily vehicle and administered intramuscu-
larly), permits the conclusion that the microcapsule coating is re-
sponsible for the pronounced sustained release effect with system
IL.

Assay for Naltrexone

A sensitive and specific assay for naltrexone concentrations in
plasma has been described previously (5,6,7). The pharmacokinetic
calculation of in vivo release rates is dependent on an assay that is
specific for unchanged naltrexone and this specificity has been
demonstrated with respect to the known metabolites of naltrexone
M.

Calculation of Release Rates

Release rates were calculated according to the Loo-Riegelman
method (8). Either a two- or a three-compartment, open pharmaco-
kinetic model was used to fit the plasma level-time data for the in-
travenous bolus dose of naltrexone in each monkey (9). The three-
compartment model was utilized when needed to obtain a good
overall fit to the data. The pharmacokinetic parameters for nal-
trexone, obtained from the intravenous bolus dose, were then uti-
lized to calculate naltrexone release rates from the plasma naltrex-
one level-time data obtained in the delivery system study (8). The
total amount released over the entire time period was subsequently
determined according to an equation presented previously (10).

RESULTS

The data for naltrexone concentration in plasma as a function of
time after administration are summarized in table 1 for each of the
seven delivery systems tested. Levels of about 0.25-0.5 ng/ml are
needed to block morphine self-administration in these monkeys
(11). Since this range is also the approximate sensitivity limit of
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the assay, “measurable” levels can be considered to be “effective”
levels in these monkeys. The corresponding average naltrexone re-
lease rates for the seven systems are shown in table 2 and in fig-
ures 1 and 2. Table 3 contains data summarizing the results of a
comparison of the dose administered with the calculated amount of
naltrexone released and, when. available, the amount of naltrexone
recovered from the delivery system after removal from the

monkey.

10%

POOe
L]

CALCULATED [N VIVO NALTREXONE RELEASE RATE (% of dose/day)

TIME (day)

FIGURE 1. Semilog plot of naltrexone in vivo release rate as a function of time for
injectable sustained release delivery systems II, ITI, IV and V. Delivery systems are
identified in the text and in table 3. Closed symbols represent an oil vehicle and
open symbols an aqueous vehicle.
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The influence of the vehicle used to suspend the microcapsules
on release of naltrexone can also be observed in fig. 1. A compari-
son of system III (microcapsules suspended in an aqueous vehicle
and administered intramuscularly) with system II suggests that the
influente of the vehicle occurs mainly over ‘the first 15 days after
administration. Subsequently, the release rate declines in approxi-
mately parallel exponential fashion for the two systems. During
the first 4-6 days after administration, system III has a release
rate-time profile that parallels the exponential decline of release
rate for the non-sustained-release control. This rapid and extensive
decline in release rate (note the logarithmic y-axis in fig. 1) sug-
gests that a very significant fraction of the naltrexone in delivery
system III was available for rapid release. A similar early rapid re-
lease can also be observed for system IV (microcapsules suspended
in an aqueous vehicle and administered subcutaneously). A com-
parison of aqueous microcapsule suspension systems III and IV (fig.
1) suggests that the intramuscular route (III) yielded much higher
release rates than the subcutaneous (IV) from 10-50 days after ad-
ministration. Delivery system IV provides the smallest degree of
sustained release of any of these microencapsulated naltrexone pa-
moate systems. On the other hand, system II provides a significant
release rate for a period of 60 days. Although the release was not
zero order, the rates were within a fairly narrow range (fig. 1). In
addition, it appears that the oil vehicle “protects” the naltrexone
pamoate microcapsules from whatever causes the rapid initial
burst of release with the aqueous vehicle.

The calculated total extent of naltrexone release from each deliv-
ery system is compared with the dose administered in table 3. Sys-
tems III and IV yielded an incomplete recovery of the administered
dose whereas the average recovery for system II was 89% of the
dose. The microcapsule delivery systems (II, III and IV) were char-
acterized by a high degree of variability in the extent of recovery of
the administered dose (table 3). Part of the reason for the greater
variability observed for the microcapsule systems, compared to the
other delivery systems, may be the difficulty in administering an
accurate dose of the microcapsule suspension (especially for the
aqueous systems). Alternatively, the release of naltrexone may be
more variable with these delivery systems. Unfortunately, the
nature of these microcapsule delivery systems precluded the possi-
bility of removing the microcapsules remaining at the end of the
sustained release study. Therefore, the unabsorbed naltrexone
could not be assayed directly.



NALTREXONE SUSTAINED-RELEASE PREPARATIONS

180

‘enjea fueaooel ybiy Ajsnosuonse ue ‘S|ew|ue g Jo UBS;

Ul pajnsal jey) uopesueouos suoxaneu ybly Ajensnun ue pey s|dwes ‘S|EWIUE € JO UBBN,
Ajyee suo esneoeq s|sAjeur BIEP 8Y) WO PejWo Sem Aaxuow auQ. ‘e 8|qe] U| pue |xa} u) papiuapl ale swejsAs Aaaaq ‘siseyusied

'8|QB|[EAR Bn(BA 8uo AJUQ, U| UonelIAep pJepue)s ‘esIMIaYl0 PajedIpu} SS8|UN S|BWIUE § JO UBSY\,.

oS1°0)8'0 009

(610110 025  o{LL'D)9P'0 §'IS

(0z0)Lt'0 S8y s(6£°0)8L°L 08P

(61'0)i20 0Sy «(800)2S0 O¥b

(zeoveo s'i¢  (L20)0L S9€

(be'0)L1'0 SvE (Be0)8S'0 088  (Ev'0)SE’L 0°0€
(ve'0)LL'0  0'le  (25'0)2L'0 S've (ze'0)ls'L S92

(oe0)8L'0 Sz (L¥0)i80 O'lE (v9'0)16'L 0F€EZ 21 09€

o71°0)80°0 GEE (sb'o)ge0  0ve (2€0)06'0 S22 (69'0)¥0'2 S'61 #60'} S'2E

(91'0)60'0 G'8€ (st'o)eL'0 S92 (es'o)or'oc 0z (28060 L Ove  (s90)eee 09L (220851 092
(620)82'0 ¢g'Le (060260 S'L2 (lp'o)es'0  s'2L (sso)ve'r S0z  (68°0)68'Z S2L (12'0)68°'L 012
(9z'0)L1'L Sv2 (6e'1)8L'2 08! s(L1o)ozo  sel  (sgoly'L 0LL (eg0)9sz 06 (6£0)202 591
(62°0)¥'L S'LL (82'2)9e'y G'vl J(80'0)96'0 02 (BPO)IE'L SEL (8s0)v8'Lt SS9  (8¥'0)9L'2 O'El

(ze'0)69’L g0l (09'1)80% 0Lk 8200220 09 (200880 SOL (EL'0E0L SOL (ep'O)¥2’L S5 (0S00v22 SO
(sz'0)822 ¢S'¥ (Lo'Lwoe o8  (660WL'L S (2201eL 08 (€1'0)89°0 08 d6c0)vzz Sy  (b90)222 08
(s6'0)28'c S} (9e'1)i6z 09 (e9'1)ose se (svo)loz 09 (220)9y'o 09  «(9¥0)89't St (op0lsez 09
(t'1)26'e SL'0 (9o'1)ee2 ov (026989 Sz2 (e12)89s o0+ (e20)y90 OF (92'0)52'0 sz (9e'2)v2's O
(L6°L)EL'S £L€0 (vs0)e6't 02 (QoKzie §'I (Qop)v'zL 0z (20'1)8S2 02T (610)1s0 SL  (e0'MPL'L 0T
(2L0)vs'S BL0 (@v'1)zse 90  (QLEISHPS 990 (61'6)s'tz $9°0  (p¥'¥)0L'6 99°0 (L2'0)89'0 990 (ep'v)B2'S $9°0
(LL'1)2)L'S 900 (te'L)isz si'o  (8FL)6° LS 910 (eer2)o6L 510 (p9v)p8'6 910 (z10)oso 910 (080122 SL'0

fep/%  (Aep) Rep/%  (Aep)  Aep/%  (Aep)  Aepp  (Aep)  Aepr  (Aep)  Aep/o% (kep)  Aep/%  (Aep)
ewi] awly swil ewr| swy| awi| awyy

dlA IA val Al dll Il o

«SWa)sAg Alamjeq
QUOXaJ}[eN SNOLEA 8y} J0j UoHeASIUjWPY JaYy 8L|] JO UoHoUN B SE sajey eses|ay pejenoje) uesy 'z 314v.L



QUANTITATION OF NALTREXONE RELEASE 181

‘TABLE 3. Comparison of the Naltrexone Dose Administered in
Sustained Release Form with the Amount of Naltrexone Accounted for
Experimentally in the Monkey

Mean Mean assayed
Mean amount calculated amount Percent of
naltrexone amount remaining administered
Delivery administered naitrexaone in delivery dose
sysjem® (mg) released (mg) system (mg) accounted for®
| 42.1¢ 38.9° 0.0023¢ 92(91-94)¢
] 353 31.6 — 89(58-116)
1] 36.3 18.3 — 53(30-74)°
v 26.2 19.5 — 76(48-91)
v 37.8 324 — 86(78-100)°
vi 44.0 30.0 — 68(56-87)
Vil 30.7 16.4 16.4' 107(92-120)¢

*Delivery system identification: | = naltrexone in a physical blend with 90% (L +) lactic
acid-10% glycolic acid copolymer, spherical beads 1.5 mm in diameter, subcutaneous,
Dynatech #24086; Il = naltrexone pamoate-poly(lactic acid) microcapsules suspended in
2% aluminum monostearate-peanut oil and injected intramuscularly, Thies #GL-1-6-76-1;
lll = naltrexone pamoate-poly(lactic acid) microcapsules suspended in a medium con-
sisting of water, 2% Tween 20, 0.02% anti-foam silicone and 1:10,000 phemerol and
injected intramuscularly (Thies #GL-1-6-75-1); IV = naltrexone pamoate-poly(lactic acid)
microcapsules suspended in an aqueous medium of 0.1% Tween 80 in Macrodex (6%
dextran 70 in 5% dextrose/water for injection) and injected subcutaneously (Thies #GL-3-
9-77-3); V = micronized naltrexone pamoate (batch #2M-1869-866-16) suspended in 2%
aluminum monostearate-peanut oil and injected intramuscularly; VI = rods containing
naltrexone supplied by Alza and administered subcutaneously; VIl = naltrexone 33% in
a dipalmitin (75%)-tripalmitin (25%) mixture shaped in rods and administered subcutane-
ously (Battelle).

®Mean of 4 animals, unless stated otherwise. Range in parenthesis.

*Mean of 2 values. One animal became ill during the study and another had a sufficient
number of plasma samples with assay interference that a quantitation of total amount
released could not be made.

9Mean of 3 animals.

*Mean of 3 animals. One animal omitted because of a 163% recovery due to one high
data point and an insufficient number of other data points lo obtain an accurate estimate
of the amount released.

The rods removed from each monkey were weighed, dissolved in chloroform, and as-
sayed spectrophotometrically for naltrexone at 262 nm.

Subcutaneous Implants

The release rate-time profiles for the subcutaneous implant deliv-
ery systems are shown in fig. 2. System I (Dynatech) is character-
ized by a more rapid release over the first 6 days followed by a
very constant rate of naltrexone release throughout the remainder
of the study. System VI (Alza) yielded a release rate-time profile
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that was closer to being constant over the entire release period
than any of the other systems. However, this system also was the
shortest of the three in terms-of duration. Delivery system VII
(Battelle) is characterized by a rapid initial rate of release followed
by a slowly declining rate from day 2 to about day 38. Overall,
system I provides the longest duration of meaningful release rates
of naltrexone. The “initial burst™ of release with this delivery
system is larger than that observed with the other two implantable
systems (fig. 2) but much smaller than that for the aqueous injecta-
ble systems (compare fig. 2 with fig. 1, noting the logarithmic ordi-
nate in fig. 1).

The possibility of removal of the implanted delivery systems at
termination of the sustained release study permits a more rigorous
“mass balance” comparison of naltrexone dose with the sum of the
calculated amount released plus the amount remaining in the de-
livery system. Such a comparison was carried out with systems I
and VII (table 3). Assay of the removed delivery system for naltrex-
one content yielded negligible amounts in system I. However, about

VI
Vil

EPOMN
Wonoow

(% of dose /day)
a1}

—_—

5 10 15 20 25 30 35 40

CALCULATED IN VIVO NALTREXONE RELEASE RATE

TIME (day)

FIGURE 2. Linear plot of naltrexone in vivo release rate as a function of time for
implantable sustained release delivery systems I, VI and VII. Delivery systems are
identified in the text and in table 3.
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half the dose remained in system VII at termination of the study.
Data from both of these delivery systems provided an essentially
complete accounting of the fate of the administered dose, as sum-
marized in table 3. In system VI the device could not be removed at
the end of the study and the lower recovery with this system may
be due to unreleased drug. The variability in recovery between rep-
licate monkeys was less with the three implantable naltrexone de-
livery systems than with the injectable microcapsule systems (table
3). This may be due to more accurate administration of the intend-
ed dose as well as to the ability to remove the system and assay for
unreleased naltrexone.
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